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PREFACI 


T HE MOST Significant advances m the field of surgery during the 
past fifteen )cars have been those related to abnormahiies of the 
heart and blood vessels The direct surgical attack on obstructive 
lesions of the smaller arteries is one of the most interesting phases 
of this period of rapid development of Vascular Surgery, ’ and it 
has stimulated a renevved interest m the problems of vascular ob- 
struction due to atherosclerosis Until recently, the degenerative 
process of arteriosclerosis was considered to be one which affected 
all arteries in a more or less uniform manner although it was known 
tliat in some individuals the coronary or cerebral vessels would be 
the most severely involved This is, of course, generally true, but it 
has now become evident that peripheral arteries dev elop segmental 
occlusion, and tint the process docs not invoU e an indiv idual artery 
or Its branches m a uniform manner There is a tendency for ather 
osclerotic obstruction to occur at the bifurcation of arteries where 
there is perhaps more stress on the wall and m the distal third of 
the superficial femoral artery where it is restricted by the adductor 

The direct surgical attack on penpheral arterial occlusive dis 
ease has stimulated investigation, resulting in a better understand 
mg of many related problems Meiliods of diagnosis by arterio 
graphy hav e been improved, tliesearcli for better and safer contrast 
materials has become necessary, and most important of all Ins been 
the necessity to evaluate experimentally and clinically the tecli 
niqucs of grafting small arteries Tiie problem of cstabhslung a 
suitable graft or prosthesis for large arteries, as the aorta, has offered 
less of a problem than finding a suitable prosthesis for b) passing a 
long segment of occlusion m an artery the size of the femoral The 
evaluation of clinical results is complicated by the presence of ad 
vancmg disease m the host artery, and only by a combmiiion of 
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testing Aanous grafung matenals in the expenmental animal plus 
clinical trial can an accurate eraluation result 

The author has had a \erj extensile laboratory e\penence in 
using the larious matenals aiailable for replacing small artenes 
and the experiments reponed are ivell conceiied and accuratel) 
controlled The clinical results are presented in an unbiased man 
ner recognizing that the expenmental animal does not alim)'s ac 
curatel) reflect the conditions present in the patient and that 
sufficient time has not as }et elapsed to compare ilie eientua! fate 
of matenals noi\ aiailable It seems most reasonable to assume that 
the autogenous graft should be most successful in \ascular replace 
ment and it should be the ^-ardsticL of comparison for inert plastic 
prosthesis 

Earle B ^^AHO^'E^ MJ) 

Professoi of SuTgeiy, 

Utttierstly of Rochester 
School of Medicine and Dentistry 



INTRODUCTION 


iDESPRE<\D INTEREST in direct arterial surger} Ins resulted from 
new knowledge and experience accumulating m the past decade 
Extremely rapid progress in an) field often results in clinical im 
pressions pushing far ahead of ashat is asarranted by the aaailable 
experimental and clinical eaidence Opportunities to obserae the 
effects of both direct and indirect surgery for arterial disease have 
increasing!) led to tlie belief that the clinical pattern is often so 
complicated that properly conceived experiments ma) clarify 
clinical situations uitli considerably more rapidity and accuracy 
than would occur from impressions derived purely from the study 
of aaailable patients (although patient study is not to be neglected) 

In 195-1, stud) of the problem of small vessel grafts was initiall) 
begun in the experimental laborator) and has been continued for 
approximately five )cars tn an attempt to evaluate this as well as 
other aspects of direct peripheral vascular surgery 

Our initial clinical use of homologous arterial grafts for both 
aortic and peripheral vascular replacements in humans gradually 
gave way to the use of s)nthciic tubes for aortic replacements as 
these became available and as mounting evidence indicated their 
usefulness Increasing dissatisfaction with the late results of homo 
logons arterial grafting for peripheral atherosclerosis, coupled with 
increasing confidence in autogenous vein grafts based on laborator) 
experience, led to their initial clinical trial for long b> pass shunt 
grafts in Ma) of 1957 * Since that time, the use of homologous 
arterial transplants has ceased conipletcl) (although it is recognized 
that an occasional one ma) be required in the future) and eitlicr 
autogenous veins or synthetic tubes have been used entirely for 
arterial replacement 

This monograph centered about the use of autogenous vein 

*Earl>rr short end to-end or bs pass \cin Rrafu ptacnl for iranma lia\c Ixm 
spcririrall) cvciudwl from this CT|>enencr since they srere done without any osetall 
general paiteiii and by saned lechnics and hasc been poorly followed 
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grafts has been prepared follouing a suggestion that collection and 
cnticism of amiable information noiild be of I’alue to those inter 
ested in continuing efforts to determine the proper indications 
for and materials useful m direct anenal surger} ^Mnle it appears 
to the author that the aimlable experimental and climcal inforraa 
non ind cates that autogenous \enous shunt grafts are preferable 
to other currentlj available materials for by passing atherosclerotic 
lesions of tlie femoro-popliiea! system, it is to be emphasized that 
modem clinical expenence iviih these is relatuelj small and that 
long term accurate follon up>s are pitifully meager It may indeed 
be said that acairate long term foltoii ups of all tj'pes of direct 
arterial surgery are scanty and that mth a feu shining exceptions, 
most patients ha\e been essentially lost to follou up once tlic im 
mediate postoperatii e penod ended A pressing need for proper 
long term studies of all forms of direct peripheral mscular surgery 
IS apparent. 

Paruailar appreaation is expressed to Dr W J Merle Scott, 
himself a pioneer in the field of surgery of the vascular and auto- 
nomic nervous systems for his continued enthusiasm support and 
often onginal thoughts in connection with these problems Appre 
Clarion IS similarly expressed to Dr Herman E Pearsc whose earl) 
contributions to artenography and penpheral emboleciomy have 
helped lay the grounduork for modem advances To Dr Earle B 
Mahoney is expressed gratitude for his constantly inspiring teach 
mg emphasis upon the experimental approach to surgical progress 
and the pursuit of tlie fronuers of clinical surgery 

Laboratory and clinical colleagues including Dr James A Dc 
Weesc Dr Theodore I Jones, Dr Raymond J Hinshau, Dr F 
\ \iguidula and Mr George E Mavor, FRCS have been re 
sponsible for much stimulation as well as aaual work involved in 
various studies 

Dr Stanley Rogoff has been most patient and cooperauve m 
relation to both experimental and clinical angiography Appreci 
aiion IS expressed to Dr H WMIiam Scott Professor and Chairman 
of the Department of Surgery, Vanderbilt University for his recent 
interest and cooperuion in continued stud) of these problems 

Mr John Gaughan, Mr Grant Lashbrook and Mr Ricliard 
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M)crs ha\ e been ^nost helpful m preparing illustrations Particular 
apprecntion is expressed to Mrs Marjorie Gabel for her unfailing 
devotion to the laboratory animals and experiments from 1953 to 
1958 at the University of Rochester Mrs Margaret Nielsen Ins 
patiently and faithfully prepared the manuscript Finally, it is a 
pleasure to thank Mr Charles C Thomas and Mr Payne E L 
Thomas for tlieir courteous and cooperative aid with this volume 


W Andrew Dale, M D 

2118 West End Avenue 
?\ashvtlle, Tennessee 
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Chapter I 


HISTORICAL ASPECTS 

The insTOR'i of penphenl \ascul'ir disease dates to antiquity 
W hile tiie brief a\ enge life span in early times no doubt precluded 
a high general instance of arteriosclerosis such has been found in 
Egyptian mummies and the Greeks recognized senile gangrene 
although Its cause uas unknown Tlieaiolence of the tunes certain 
ly must hate made the results of acute traumatic \ascular insufTi 
ciency quite tiident even though the physiologic details were not 
understood 

Although the ancients used tlie ligature to control hemorrhage 
and devised methods of ligation for peripheral aneurysm there 
was general loss of the mam bod) of this knowledge during tlie 
Dark Ages Ambrose Pare in 1552 revived control of bleeding by 
ligature (although this mass ligation of all tissues in the v icinity of 
the bleeding vessel was considerably more gross tlian the modern 
tcclmic implied by the term) Thereafter there was constant 
competition between ligature cautery compression and other 
methods of hemorrhage control until tlie end of the 18th century 
when ligation became generally recognized as the best hemostatic 
method During this period of intellectual awakening circulation 
of the blood had been demonstmicd by Whlliam Harvey in 1028 
and many pathologic conditions had been clearly described * in 
eluding artcTiosclcTosis by Leonardo da \ inci and by ibc Italian 
anatomist Gabriel Fallopius and descriptions of atheroinata athero- 
matous ulcers and thrombosis at the site of atherosclerotic lesions 
Inforiintion on aneurysms accumulated and there was differ 
entiation of syphilis and arteriosclerosis as a cause of these Artcrio 
venous fisiulae and dissecting aneurysms were recognized hy 
William Hunter and Morgagni respectively in the I8th century 
and the pathologic findings of tliTomlmangniis obliterans vscrc dc 
scribed in 1870 by the German surgeon von ^\ imwarter (followed 
in 1908 by 1 co Buerger s* report and description of 30 clinical 
cases) 
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The first successful \ascuhr rcpiir is credited to Hilloisell in 
1/50 svhen lit sxiuired a s\oiinded brachial arter) b) passing a pm 
tlirougli the wound edges and drassitig a thread about the ends of 
tilt pm In 1879 the Russian surgeon Eck first united two 
blood \csscU when he created a portacasal shunt winch thereafter 
came to bear his name® S«r Astlcy Cooper- perfonned aortic 
ligation for anciir^sni m the 19tU century and Rudolph Matas 
performed the first endoaneiir>sinorrhaph) toward the end of tint 
period 

\ new phase of laboratory insestigation began in the latt 19th 
century when \arious itncsiigators described technics of suturing 
the blood \cssels of animals and in 1897 John 11 Murphy of 
Cliicago successfully repaired a setered femoral artery by an m 
\agination method based upon his own animal experiments Tlie 
first \ein graft was placed into the carotitl artery by Gluck * 

Just after the turn of the 20th century \1cms Carrel system 
atically imestigaied laboratory methods of sascular suture in dogs 
and in 1902 first attempted end to end smure of tlic femoral sent 
to the femoral artery in a large dog w liile w orking in France The 
animal died of infection two days later IIis \ascnlar inscstigations 
continued after moving to the University of Chicago and he and 
( C Guthrie not only developed inetliotls of lateral and end to end 
vascular suture but also transplanted free segments of veins and 
asvesves anvl mscsiigaveti ibc VTansplavnavion of exucwvvvvcs avwl 
organs* Carrels advice on vascular technic is still valid the 
vessels were handled very gently and the endothelium was pro 
tcctcd from drying by isotonic sodium chloride solution or by 
sterilized vaseline No dangerous metallic forceps were used Great 
care vsas exercised to obtain accurate and smooth ipproximaiion 
of the endothelium of the vessels stenosis or occlusion only 
occurs as a result of faulty technic In 1912 Carrel w-as awarded 
the Nobel Prize in medicine m recognition of his works on vascu 
hr suture and the iransphniaiion of blood vessels and organs 

Others became interested and in 1907 ^Vatts■*•• sumniinzcd 
the history of vascular surgery to that date and reported expen 
incuts in which he had transplanted tvvo veins one remaining 
patent for 20 days An occasional successful clinical vein graft was 
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done^®"^ ind m 1913 Pringle*® reported two autogenous Aem 
grafts for aneurysms of the popliteal and brachial arteries respective 
ly Guthrie 20 also continued the study of venous as well as ar 
terial transplants and just prior to World War I discussed the 
possibility of artenalizing the venous system of the leg m peripheral 
vascular insufficiency as had been su^ested earlier 

Little use was made of the vascular technics developed by 
Carrel during "W^orld War I Sir Henry Makms ‘’® monograph 
on surgical experience during World W'ar I indicated that m the 
British service little direct vascular repair was possible although 
there were some attempts to use Tuffiers tubes (of paraffin lined 
silver) to allow temporary blood flow across an arterial defect 
while vascular collateral developed Bernlieim * has pointed out 
that infection and fear of its effects upon vascular suture lines 
prohibited reparativ e surgery in World War I and confined surgical 
efforts to salvage of life by debridement and ligation even at the 
risk of loss of limb 

During the interbellum period other progress such as the 
development of the clinical use of heparin * and development 
of lumbar sympathectomy occurred The outbreak of World War 
II stimulated immediate interest m traumatic vascular problems 
The development of the non suture vein graft technic of Blake 
more Lord and Stefko* in 1942 wais directed toward wartime 
use but was not practically successful This method utilized vital 
hum tubes through which a vein graft was passed and to the ends 
of which the artery was ligated and was similar to the earlier Payr 
tubes and to Crile s transfusion cannula developed in 1909 
After the war DeBakey and Simeone ** found that this technic 
had been used at least 40 times without decreasing the amputation 
rate from that occurring with simple ligation Smiths* analysis 
in 1947 corroborated this 

The development of intrathoracic technics lor use upon the 
heart and great vessels by Crafoord Gross Blalock^ and 
others led to renewed interest in central vascular surgery and en 
counters with anomalous situations led to the need for suitable 
grafts to bridge defects Various methods of preservation of homo 
logous arterial grafts v\ere developed from 1949 on and these also 
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began to be used to replace ptenpheial segments occluded b) athero- 
sclerosis Kunltn^ in 1051 reported Ins experience \miIi 17 long 
scin grafts for atherosclerotic femoral occlusion dating back to 
1048 It s\as soon recognized that simple bj pass shunting about a 
blocked area was as successful functional!) and less dangerous than 
resection of the diseased area tsiih replacement grafting 

Since the 19a2 report of \oorhee5 Jaretzki and Hlakcmore** 
on the use of a s)-nihetic fabric tube (\ imon \) to act as a blootl 
\essel a large number of porous s)'nihetic tubes ha\c been demised 
and used with \arious degrees of success The dcselopment of the 
crimping technic b) Edirards and Tapp ’* led to proper flexi 
biUi) Ashen applied to seAcra! synthetic tubes Reports of cvpen 
mental and clinical experience bj Linion "• Eduards DeBakc) 
and associates** Julian*' Detcrling'* Szihg)i** and others led 
to uidespread use of a A-arict) of tissue and s>auhetic tubes to bs 
pass occluded penpheral artcncs aaIiicIi cither lemporaril) or for 
long periods improsed function and salvaged extremities Homo- 
logous aricnal grafts u ere used in increasing numbers and cfiicient 
arterial banks uere developed until it vras realized that there vvas 
an increasing!) high incidence of late graft degeneration and 
complications as time progressed Increasing avatlabilit) of s)n 
ihciic tidies coincided vviih the recognition of the dis- 
advantages of anenal homogiafisand resulted in widespread use of 
sjnifietic tubes for large as well as small calilier grafts 

\\ bile the autogenous venous graft has been occasional!) used 
expcnmentallv as v^ell as clmicali) for a long time its utilization 
never Ixrcame as uidespread as tliat of either homologous arteries 
or s)Tithciic tulles W hethcr this uas due to diflicult) in use of auto- 
genous veins or to misunderstanding of its virtues and draulrtcks 
IS not eisA to sa) On the following jKigcs information pertinent 
to dvvA c\ucsUoa « discussed 
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EXPERIMENTAL VEIN GRAFTS 

A.N'i OF A GREAT variety of materials can be successfully trans 
planted into a large canine \essel such as the thoracic or abdominal 
aorta to ser\e as a splint while a neo mtima covers the inside of the 
material and a fibrotic sheath encloses the external surface A 
Committee of the Society for \ ascular Surgery reported m January 
1957 that 27 different surgeons had used 17 types of 8 basic ma 
terials to replace 70^ dog aortas with 87% patency ® Harrison 
reported that only I of his 84 thoracic aortic tubes m dogs had 
thrombosed * An independent survey by the author in 1958 simi 
hrly showed 83% patency in 863 reported canine aortic replace 
ments and laboratory experience (summarized m Table I) 
showed that 70% of 37 aortic prosthetic grafts of several types re 
mained patent 

Experience in shunting small peripheral canine \essels has on 
the other hand been poor The Committee of the Society for Vas 
cular Surgery reported that only 46% of 96 synthetic grafts of less 
than 8 mm diameter had remained open ^ Our summary of the 
published literature in 1058 showed only one patency of 3^ expen 
mental synthetic tubes clearly reported as less than 8 mm diarae 
ter Table I indicates that only 29% of the various 68 peripheral 
synthetic shunts in dogs remained patent 

The poorer patency results of synthetic tubes replacing canine 
penplieral arteries rather than aorta indicates the more severe test 
furnished by the canine peripheral arterial shunt graft experiment 
Although any of seaeral materials avill perform satisfactorily as 
aortic replacements peripheral canine grafting is a considerably 
more critical test of any material Because of the inherent difficulty 
of performing such relatively small anastomoses and of transplant 
mg such relatively small grafting materials this severe test of a 
grafting material has in general been overlooked or deemed not 
feasible However experience in this laboratory indicates that 
aorio iliac ilio femoral and femoro femoral shunt grafting in large 

9 
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or modeniie siie dogs can be accomplished satisfactoril) u uli homo- 
logous arienes and autogenous \eins Since longterm follou up 
of tliese animals excludes blockage of the graft b) the progression 
of (atherosclerotic) disease, this peripheral canine graft prepar 
ation appears to be good (andsexere) test of tlie inherent qualities 
of an) grafting material without the confusing element of a pro- 
gressiNc disease process 

Experimental Methods 

Operations I'crc performed under intravenous Xembuial 
anestlicsia using technic as stmilvr as po;>MbIc to that emplovcti 
in the clinical operating room Sutures were -l-O and 5-0 silk* 
and even effort v\as made to manage tissue with sharp, delicate 
and aseptic icclmic. No antibiotics were Used unless the iJioracic 
cavitv had been opened, in which case daih procaine }>emcinin 
injections vs ere gu en 

Anastomotic Uchmc using continuous 5-0 silk consisteil of 
an everting mattress suturcat twooppositc points follovtcd bv an 
overand-over continuation of each suture until a could tie tied 
to the other End lo-sideanastomoscswere j>erformeilso iliat the 
diameter of the stoma vs-as approximateh ihrce times that of the 
lumen of the hosts c*ssel Heparinirctl saline (50 mg per 200 cc.) 
vs'as usetl to w-ash out the vessels immeiliatch after the) were 
ojKiied but no general heparini/aiion v^as utili/ed except teni 
poranlv during bv pass pump shunting of the thoracic aoria 
in certain animals Figure I illustrates the completed end to-$idc 
anastomosis of an autogenous saphenous vein to llic femoral 
artcrv of a dog 

ATtcTiogTams vvere made at inicnaU bv injecting M rc. of 
3a' c sotlium acein/oatt (Urolon sodium) • cither ptreutane- 
ouslv into the abilomiml aorta or bv a catheter tlireaded retro- 
grade into the aorta via theconiralaicra! fanoral artcrv 

Autopsy cxammation wav done cither at the time vv ben artcr 
lograms showctl graft occluvion oral a time selected for sacrifice 

•Maicnali »ctc Vindii fumivhcii t»» ihc f>llo«tn^ fommrtaal corKirm vrUhiut 
ctni for which appiKUiicn ii cvpre»»cd \rtnul till, iiul Dili sraft mrivclcnr from 
Ethicoo Inc^ L roVcjo from VtaltirKirreft Oicmical W orit fl 1*1 n ilacrcni fiom 
Rcnilcv Itamv Mf; Co- CnmpcJ mion from Tl c Clicmv rand Co. Sthlrsc! nvlm 
from ihc Sclilcgel \!f 5 Co Tcfi wi from John P S Wiofham ftic 
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Fig I Completed anastomosis benxeen canine saphenous \em and femoral 
artery to illustrate suturing and relation of anastomosis sire to \essel size Sur 
rounding material consists of ordinary surgical gauze sponges (Courtesy of the 

British Jo irnal of Surgery 46 198 I9a9— Dale and Mavor) 

il the gTJfi remained patent Microscopic sections ivere made of 
selected specimens 

Aulogetious veins asere obtained by carefully dissecting the 
saphenous \eiti of the animal and ligating its tributaries with 
i 0 silk The vein was washed out with heparinized saline im 
mediately after its removal and was reversed prior to placement 
in order that the valves would point in the proper direction 
Great care was taken to prevent damage of the thin venous wall 
b) avoiding steel instrument placement on any part of the graft 
which vvas to be used 

Homologous arteiies were obtained aseptically from dogs 
sacrificed in the laboratory for other purposes cultured and 
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Stored in penicillin strepiom)cin solution for 21 hours at 4® 
centigrade and then stored in a deep freeze as -20® centigrade 
Thc) ere reconstituted b\ returning the graft to room tempera* 
tiire and adding saline solution Arterial branches uere sutured* 
ligated ANiih 5 Osill^ 

Synthetic prostheses uere bodcil for an hour in a detergent 
and washed in tap tsater prior to autoclating Some of tlie first 
prostheses tscre not predotted, but later ones had intraluminal 
injection of fresh autogenous blood in order to control bleeding 
through the porous material Plullon dacron* prothescs uere cut 
to si/c u iih scissors and ait along one side of thc tube so that a 
cuff could be turnetl back forsuiuring Cnmpetl njjon* prostlic- 
scs uere cut with scissors and the obhtjued ends sealed lighti) 
with the actual cautery Teflon* prostheses uere boiled in con* 
ccnirated sulfuric acid for a week to remove brounisli discolor- 
ation due to impurities and cut along one side so that a flange 
could be used for suturing Edit graft mer&elenc* prostheses 
uere cut to size by passing an actual cauicr) qiiickl) across ilic 
lube and then genth pr)ing the ends apart Slicet orlon pros* 
theses uere sewn in tubes from commercial stpiarcs of orlon 
cloth Schlcgel nvlon** tvibesueretnmmed into an oblique end 
shape and lightly sealed b) cautery prior to anastomosis. 

Homologous Arterial Grafts 

Many currohoratmg studies of homologous arterial replace- 
ment of dogs' aortas have lieen reported and indicate that such 
grafts may be preserved by any number of ways and will function 
for a long period satisfactordy, although the incidence of degener- 
ation intrcases with time. A small number of aortic cnd-io-cnd 
homografts uere transplantttl to le.am initially tlie technic of vas- 
cular anastomoses and to verify the reports of others sited above. 
There was no particular dillictdty with these, and long-tcnn study 
of a few of these shows results which are similar to those noted be- 
low for peripheral honiogratis. 

*Vfa(rruls were Lindly furniihed by the following conimcrcul eoiiceriit vricliout 
«Mt for which appreciation li apressed ArtemJ silL and Fthi graft merrclenc ftom 
Ethlcon, Inc, Urokon from Vtallinckrodc Chemiral Works, fltillon dacron from 
Bentlcv, llarru Vlfg Co Cnmjied nylon from The Chcmiltand Co: Schlcgel nylon 
from thc Schlcgel Mfg Co . T eflon from J«d»n B. Sideliotham. Inc. 

••The majority of these were placed by Dr J R ilmdiaw 
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George Ma\or m 1956 initially reported laboratory experience 
here rvith by passing shunt arterial homografts and showed that the 
results in short shunt homografls ivere excellent and slightly poorer 
in long shunt homografls (placed beneath the inguinal ligament 
to connect the iliac and femoral arteries) Some increase in the 
series and further analysis of this occurred later and is summarized 
in Figure 2 ivhich indicates that of the 43 homografts studied, 14 
became thrombosed and 29 remained patent ® The 4 thrombosing 
after arteriography may have done so because of the dye injection 
or may hate been about to thrombose shortly in any event The 
67% gross patency represents a minimum figure since it includes 

ARTERIAL HOMOGRAFTS 



Fig 2 Summary of 43 experimental homologous arterial grafts in tlogs 
(Courtesy of Dnttsh Journal of Surgery, 46 193 19a9— Dale and Masor) 
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those "rafts thrombosing after arteriograms and also since it in 
chides the earls grafts during stiiich time technical exjxrnence svas 
being icaimulated Later homologous arterial shunt grafts base 
been placed (which are not included in tins senes) svithout par 
ticiilar difficult) and it is behesed that a considerabls higher pa 
tenc) percentage could be achiesed ssere it thought s%ortJiwhiIe 
to repeat the series Experience ssiih these homologous anenal 
grafts definiielj showed that canine penpheral vessels could be 
shunt grafted with a high degree of success as had been learned 
earlier bj Miller Callow, Welch and MacMahon 

\ncnogTaphic follow up of the homologous arterial transfers 
did not shos\ an) dilatation or aneur)'sm formation and in fna 
sliowed some slight decrease in length and in diameter which no 
doubt represemetl fibrosis occurring with time 

Onl) 4 of the penpiieral aneml homografis were followed for 
long |>cnods of time because of the expense and difiiaiUs of long 
term ilogmaimenance These 4 were for 4 10. 723. 765 and 770davs 
res|>ecti\el) (Table The) shoueda 1 to2 mm decrease in the 
vessel diameter grosslv Microscopic examination shuvsed fibrosis 
to the point where there essentiallv vras replacement of the original 
tissue There were clumps of disconnected broken elastic fibers, 
and onl) occasional remaining smooth muscle cells 

Svndietic Tube Grafts 

TIic cxpcnences of others as v\elJ as personal experimental re 
suits Iiavc been bnefl) discussed above as denoting difficultv in 
phcing svnthetic tubes in dogs penpheral arteries vsluch vioiild 
remain patent for a long period Of a total of 118 sj’niJictic tubes 
(Fluflon dacron enmped nvlon v»ovcn Teflon, Ethi-graft dacron 
and sewn sheet orlon) placed in vanoiis arterial positions in 
IOj were propcrl) studied and publisficd in tieiai! iii 1050 1** The 
Ilia and Illb portions of Tabic I summarize the patenev data and 
tomrast the relaitvcU good results of prosihettc lulies over 8 mm 
imemal diametcT (70% patenc) in *7 dogs/ widi the poor results 
when me svnthetic tube was less ilnn 8 mm diameter and placed 
pcriplierall) (29''o patenev m 6S dogs) Com|jariMjn of the large 
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TABLE I 

SuMMAR\ OF 190 CaMNE PERIPHERAL SHUNT GRAFTS 
Ocdusioii early indicates failure of firsi aitenogram to show patency while occlusion 
late denotes thrombosis after earlv patency shown b» arteriogram Synthetic tubes 
included crimped and non crimped nylon Fluflon dacron and flanged dacron and 
orlon tubes 


Ao 

Site 


Graft Results 




Occlusion 

Early Late 

Patent 

So 

% 

5 

iho femoral 

1 Autogenous t etn" 

0 

0 



100% 

37 

femoro- femoral 

15 

1 


21 

57% 

42 

Total Veins 

15 

I 

(2%) 

26 

62% 

23 

ilio femoral 

II Homologous Arfeiy" 

7 



14 

61% 

20 

femoro femoral 

3 

2 


15 


43 

Total Arteries 

10 

4 

(9%) 

29 

67% 

23 

aorlo iliac 

Ilia Small Synlficlic Tubes" 
8 

2 


13 

57% 

9 

ilio femoral 

7 

2 


0 

0% 

36 

femoro femoral 

23 

6 


7 

19% 


Total small proscheses 38 

10 (15%) 20 

29% 


aortic end end 

lltb Large Synthetic Tubes * 
8 

5 


20 

6j% 


aortic shunt 

0 

0 


6 

100% 

37 

Total large prosiheses 8 

3 

(8%) 

26 

70% 


synthetic tubes tsith the autogenous vein and homologous artery 
patenc) figures (62 and 67% respectively) shous similarity * 

This canine experience indicates that uhile it may be possible 
to place a large bore, non pliable piece oE material into a large 
vessel such as the abdominal aorta that these undesirable charac 
tenstics are immediately emphasized v\ hen a similar tube of smaller 
dJAinerer js placed into the peripheral system An aortic replace 
ment may function satisfactorily even though synthetic fibers pro 
trude across the suture line but this will usually result in throm 
bosis in a small tube 

There appear to be tw o reasons for the poor patency results w ith 
synthetic tubes Despite the utmost care at the time of operation, 
there was often anastomotic constriction and postmortem examin 

•AU figutcs include every dog studied RUd are therefore uncorrccied for any factor 
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ation in this situation would show t thrombus limited to the anas 
lomoticarea uitlncompleiel> empt) graft otlienMse Certain other 
grafts were completel) thrombosed lioueser and it was thought 
tliat these did not necessaril> represent failure at the site of anas 
tomosis but more hkelj represented deposition of a thick nco- 
iniiina with thrombosis due to gencnl narrowing of the lumen 
The thickness of the new lining of a sjaitheiic tube is considerably 
greater than that of a transplanted homologous artery or of an auto 
genous \ ein graft as is show n m Figure 7 so that diameter for diamc 
ter a considerably smaller \ein graft will esentually have a larger 
lumen than w ill either artery or syaithetic lube of the same initial 
lumen diameter 

An attempt t\as made to study differences between several syn 
thetic lubes in order to learn which of the available materials would 
lie preferable for prostfietic replacement in humans There was not 
a great deal of difference and the surgeon should therefore choose 
the one which can be most easily handled at oficration in terms of 
suturing proper porosity and non fraying of etlges • 

Autogenous Vein Grafts 

necause a general impression has become prevalent that vein 
grafts (particularly into large arteries such as aorta) fretjucntly 
form aneurysms the experimental as vvcll as clinical literature was 
surveyed 

Sako'”' in 1951 reported initial dilatation of autogenous vein 
grafts replacing dogs thoracic aorta but serial aortograms showed 
no further enlargement after five or six vsecks 

Johnson Kirby and associates'* found graft dilatation Imi no 
aneurysm formation in 12 dogs followed up to 14 niotuhs after 
V eiia cav al transplantation into ihealxlominal aoru Howev cr thiy 
later rejxirted in IOjI " and 5 pig thoracic transplants 

were greatly dilated and 2 of these definiiel) aneurysmal 

Schmitz Kanar Sauvage Storcr and Harkins® in 1953 re- 
's ncc ihne panic lar expernents were perfomnl newer mairrialt i rh a* 
a npnl icRon anJ m cro-cr mpeil tlacron late betomr a a lal le an ! are sf>ct Tcallv 
cxcluJetl from il e abote comttjeui* Froni impect on and initial tl n caJ uie ihet 
appear to Uc »upei or to all Vl e abwe matenalt 
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ported that autogenous veins tended to dilate when placed into 
the abdominal aorta of 42 young pigs and 36 mature dogs Despite 
various measures (such as Latex, plication and muscular pedi 
cle to prev ent venous graft dilatation, N yhus and Harkins in 
1957 again reported dilatation to be common when vein replaced 
aorta experimentally but had no difficulty when using saphenous 
vein to replace femoral artery clinically and preferred this as the 
graft choice The same group later discussed the fiv e year follow 
up of 4 venous aortic grafts with excellent function in all despite 
dilatation 

NabatofF, Touroff and Gross reported that 6 dogs with venous 
aortic grafts in place I to 4 years showed dilatation and aneurysm 
formation but none ruptured 

These and other pertinent senes are siimmanzed in Table II 
Six senes of caval grafts into pig aortas showed aneurysms m certain 
instances Some degree of dilatation was common but in only one 
of the senes of caval transplants in dog aortas did actual aneurysm 
occur,'”’ suggesting the possibility of a species difference in svisccpii 
bility of venous grafts to aneurysm formation In the four series of 
autogenous vein grafts placed imo the femoral artery there was 
reported non progressive dilatation bm no aneurysm formation 
Sauv'age and Wesolowski m 1955 reported that 7 of 8 autogenous 
femoral veins remained patent as femoral arterial grafts 6 to 12 
months Four showed non progressive dilatation, but microscopic 
study showed anatomically intact structures with preservation of 
venous valves The senes of 42 experimental peripheral grafts of 
Jones and the author likewise showed mild but non progressiv e 
dilatation without aneurysm formation 

The above experimental evidence along with clinical reports 
(Chapter II1> indicating only two reported small aneurysms in 
peripheral vein grafts should quell fears of this complication 

The supposed difference in aneurysm formation when v eins are 
placed into the aorta vs femoral artery has in the past been ascribed 
to a lack of muscle and, or fascial support of a graft lying within 
the chest or abdomen whereas such is present when vein grafts are 
placed in extremities More careful consideration of this proposi 
tion indicates a fallacy because when a v ein graft is placed into the 
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popliieil space or in the femoral region tt is cenamlj not complete 
1> enclosed b) fascia or muscle Furthermore in the experimental 
senes conducted b) N^hus and associates— it is-as found that 
pedicled muscle grafts placed about autogenous \ena cast! (of pigs) 
transplantetl into the thoracic aorta failed to present dilatation 
and aneurjsm formation in the pigs Ji has been proposed bj us * 
that a more likel) explanation for the behaiior of tJie \ein graft 
appears to he in Laplaces lau uliich states that 
T = PXR 

IS here T is the tensionisithmiheis-allofac>hndcr P is the pressure 
isithin and R is the radius of the cjlinder This lau has been dis 
cussed and analj'zed b) Bimon * It seems likcl) that since there is 
little sanation in the blood pressure (P) betuecn die aorta and 
the femoral s)'stem that the tension (T) in the ss'all of the scin is 
pnmanl) die result of the radius (R) and that sshile a \em ssiih 
a large diameter ma> dcselop too much tension (T) becaiKcoftis 
great radius a smaller one uill not With die realization of the 
species difftrence m incidence of development of aneurysms in 
large vein grafts it seems hkel> that die inherent strength charac 
tcnstics o! (he vein u-alt dependent upon its clastic and collagenous 
fibers mi) be overcome more easil) by die vrall tension (T) in 
pigs than in dogs Penpherall) the vein wall is appareml) strong 
enough to resist aneurjsm formation Figure 3 shov\s autopsy exam 
ination of a canine vein graft at 567 daj's 

A series of 42 peripheral autogenous vein grafts reported bj 
Jones and the author ‘ in l9o8 has been expanded bj further cx 
pcncnce Ixjth in the laboratory and clinically vMihout any change 
m the conclusions whidi were drawn from that senes A,n overall 
patency of 6'’% v\as reponed as shown in Tabic I and Figure 4 m 
dicating the times of study The 42 grafts include early grafts dunng 
vs Inch more diffiailt technic of a vein graft v\as being learned and 
It should be emphasized that later cxpenencc has l>ctn better 
tlian tins 62% figure indicates (86% patency if results are taken 
only after each operators first stiorcss ) Table III shows the ton 
setutive vein grafts placed by two operators to tndicaie die m 
creasing rate of patency as cxpcncncc v\-as gainetl The penalty of 
a tcclinically poor procedure is attested by the ocairrcntc of dirt m 



Fig 3 Catiu e autogenous '.enou$ transplant removed at secondary operation 
567 da)s after implantat on 


bosis m eight oJ nine grafts judged poor technically at conclusion 
ofoperation 

These experiments led to the belief that with experience one 
can shunt graft the femoral arteries of dogs ivith autogenous \eins 
with predictable success Later operations in the laboratory bear 
this out 

Of interest also are the late patency results There was only a 
single instance of late occlusion by arteriography after a previous 
patient graft by x ray and that folloued secondary surgical explor 
ation to determine the gross characteristics of the graft and to make 
intraluminal pressure measurements 

In Figure 4 are shoun certain autogenous vein grafts placed 
from iliac artery to femoral artery beneath Poupart s ligament 
None of the 5 thrombosed Despite tliought by some that a semi 
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lYR 2YR. 


DAYS POSTOPERATIVE TIVE 

Fig 4 Summary of ^2 pcnpheral auto^nom »cnous ^unt grafii in dogv* 
(Couriw* of Uic Unluh Journal of Surgery 16 19S I9j9— Dale and Ma^or) 

rigid ^N'all ts necessarj to hold open the graft lumen, it must be 
recognizetl that it is the blood pressure svliicli docs tins \n empi) 
arter> is almost as pliable and softas a \ein graft, both are kept open 
bj proper blood pressure svtthin 

Artenograms 

EacJi animal svas studied b) serial anenogiams until this in 
dicaied graft occlusion (and atitopn of the animal) or until in 
elcanc time for atitops) nas chosen The initial arteriogram s\a$ 
|)erfonncd approximatcl) 30 d3)s after operation and fiirtlitr 
checks made at approvimatclj 0 month intemls In none of the 
txjicriniental autogenous s cm grafts in Figure 1 s%'as there ancur^'sni 
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by \ ray or at post mortem examination nor has such dilatation 
become apparent in any graft done later and not included in that 
figure Commonly, there was some irregular tortuosity on the arter 
logram which distinguishes an autogenous venous from a homo 
logons arterial graft as shown in Figure 5 The arteriograpluc 
studies clearly indicated that most veins develop a small degree of 
dilatation over the original size but that this remained stable over 
the period studied Table IV summarizes serial arteriograms on 10 
autogenous vein grafts and 4 homologous artery grafts in place in 
the femoral artery of dogs for periods over one year In general, the 
autogenous vein grafts showed early slight dilatation which re- 
mained stable but had no decrease in overall length The homo 
logons arteriograft on tlie other hand did not increase in diameter 
but showed a gradual decrease m both length and diameter These 
contrasting findings are probably due to continued viability of an 
autogenous vein while a homologous artery acts as a splint and is 
gradually enveloped by pseudo intima and exterior fibrous reaction 
w ith contraction due to maturation of fibroblastic tissue 


TABLE III 

CoNSECUTWE Canine Venous Shunt Crafts to Show Effect of Increasing 
Enpesience (OF Two Oierators) upon Success 



Opcralor 


Closed 



Died 2nd day 


Closed 

Closed 



Closed 


Closed 

Closed 


Closed 

Open 


Died 3rd day 

Closed 


Closed 

Open 


Closed 

Closed 


Open 

Open 



Open 



Open 


O^n 




Open 



Open 





Open 

Closed 




Patent/Total 9/17 


12/20 



Fir a Repcnine anfnographtc suidirs o{ auiogenous ^thous shuni grafls 
in dog% lo shoi4 mild decree of nonprojijrrsMic dilatation <601^ arc arlcno- 
^ms at ^8 dats and 31 a da^s m the umc animal JJelov are aneno^ms at 9 
months and a;;ain at aj 7 das'sin the same animal 

Microscopic Stud) 

Fort) fi>c slides from 1 5 autogenous xenons jjrafts i\cre sttidieil 
to determine the pattern 5 to 7W da)s after operation Inxanably 
there was endothelium which appeared to be x table (Figures C and 
7) with fibrous thickening of all laxers of the specimens but x\ith 
out clnractenstirs b) which the earl) s|>ecimens could be dtstin 
gtnshed from the older ones Tli-re xvas little change in either the 
endothelium smooth muscle or elastic tissue in the wall of the x cm 
ilihoiigh ilicre ""as some fibrous infiltration into the medn and 
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TABLE IV 

Comparison of Serial Artebiotrams on 10 Autocenols Vein Grafts and 4 
HoMOLoroLs Artery Crafts in Docs Femoral Arteries o\er One Vear 

Arlenograplitc 
Follow up 
Days 

790 
G80 
566 
664 
545 
404 
556 
485 
420 
SS6 

770 
723 
76j 
416 

ad\eniitia (Figure 7) The microscopic studies in general agree 
with the findings of Schloss and Shumacher ivho in 1950 summar 
ized reported histological observations on venous autografts rang 
ing m age from 8 to 801 days as showing viability with fibrous rein 
forcement of the wall of the graft 

Murray-^ reported in 1952 that a venous autograft recovered 
from the carotid artery of a dog after 9 years showed some arterio 
sclerotic change at one aiea and that on section there was a small 
amount of bone in the region 

Figure 7 contrasts the microscopic appearance of an autogenous 
vein with a homologous arterial graft and a synthetic tube of 
riuflon dacron The considerable difference between the viable 


Change m 
I essel 
Dianeter 


Generalized 

No Change 

Generalized 
2 mm 
No Change 

No Change 

No Change 

Generalized 

tram 

No Change 

Generalized 
I tnm 

Generalized 
1 mm 


Autogenous tenous Grafts 


Tight 
Tight 
Loo<e from 
Mod loose 
Tight 
Tight 

Slightly 

lOOK 

Mod loose 
Loose 
Loose 


^ Earl) slight but stable dilatation 
No decrease m length 


Homologous Arterial Crafts 
Generalized , Tight i 


0 1 mm 'i' 

Generalized , 

I mm T 

Central ■ 


0 1 

Central 


Tight 

Tight 
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autogenous ^ein graft and the homologous arterial graft mas be 
seen The arterial graft appears as a fibrous tube imUi clumps of 
unconnected fra\ ed elastic tissue and onl j rare smooth muscle cells 
The ssnthetic tube has been infiltrated to some extent b\ fibnms 
tissue and is cosered exiemalK bj a thick area of fibrosis The 
inner pseudo-iiitiraa or neo-intima is a particularls thick laser 
of fibrous tissue i\ itb flattened cells on the surface next to the blood 
stream The pseudo-iniima in mans of tliese specimens is actitalh 



Fi;? 6 1 IsoiomifTOgrsph of auiogenous stnous «hunt .^Taft mno'cd from a 
dog 56S da>» after implantation Zoning thickening but preKTration of ih“ 
laicrs. \dclica!e»ahcprojeci4upi»-anl {Coun«i ■/ 1/ -f Jref i vtcf Sur^m 
76-2<t1 lO^'S-JoneiandDale) 



Fig 7 I liotomicrographi comparing autogenous \enous sJiunt graft homo- 
logous arterial sliunt graft and FluQon dacron ssnihetic shunt graft- T1 e au i> 
genous \cin has ncll presersed walls alihougli there is thickening The homo- 
logous anen sliows fibrosis with loss of media and fragmentation of elastic fberv 
The synthetic dacron tulie is seen as the relatneli blank area in the center 
above sihich is the nco-iniima almost twice as thick as die wall of the pUsiic 
lube 




Fluflon Tube 
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ilucker than die of the synthetic lube itself and explains the 
luminal diminution found m synthetic grafts of small diameter 

Pulse and Flow Transmission Through Grafts 

Phelan and Hernck"’hase pointed out that a resersed 
\ein graft best complies with Gibsons** concept of minima! loss 
of pressure and optimal flow when fluid flows through a long tube 
svhosc svalls are slightl) duergent The) obsened least turbulence 
in glass models of this type and Schmitz Kanar Sausage Storer 
and Harkins 2 obsersed least alteration in the stream of blood 
flow m autogenous \enous grafts with distal positive dispropor 
tion (proximal vein of same size as artery but distal vein larger) 

The transmission of the pulse pressure through grafts of various 
types in the femoral shunt position as well as m the aorta docs not 
appear to be effected by thetypegraft Astudy ofOautogenousvcins 
placed as femoral shunts of 2 homologous arteries similarly pliccd 
and of 20 synihecic tubes of 4 different materials placed m varied 
positions IS shown in Tabic \ From this will be seen that both 
immediately and postoperatively as well asm the late postoperative 
period there was no reproducible pattern of transmission of pulse 
pressure Figure 8 shows the pulse proximal and distal to an auto- 
genous venous shunt graft vvliich omu-ardly appeared to have. e\ 
celleiit vascular anastomosis The diminished distal pulse pressure 
caused investigation of ihe anastomosis and removal of a clot from 
one Tins was immediately followed by increasetl amplitude of the 
distal pulse (not shown in the figure) and this finding suggested 
that any distal diminution of large degree is usually due to either 
a constrictive anastomosis or thrombus vMiIun the lumen Despite 
sugoesttons to the contrary synthetic grafts also carry ilic pulse 
pressure without any significant dimtnunon These early and late 
postoperative studies of veins actenes and synthetic tubes indicate 
tint there is little to choose between them so far as pulse inns- 
mtssion IS concerned ® 

1 hese laboratory experiences added to other reports indicate 
why an autogenous vein may be preferable to a syntliciic tube of 
similar diameter and led to tlicir initial use clinically 
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TABLE V 

Transmission of Pllse Pressvse bv Xcins Arteries Folk Different Synthetics 
AND A Gi \ss Tlbf in 32 Dors 


Doi; 

PO 

Day 

Graft 

Ptuition Length cm 

Pulse f ressure 
Proximal Distal Change 

SAG 

0 

Autogenous lem 
Femoral shunt 

12 

15 

-103 

37o 

0 

Femoral shunt 

21 

13 

- 8 

387 

0 

Femoral shunt 

4j 

63 

+20 

118 

0 

Femoral shunt 

56 

Co 

+ 9 

290 

0 

leinoral shunt 

21 

10 

-11 

233 

0 

Femoral shunt 

24 

28 

+ 4 

18 

0 

Femoral shunt 

33 0 

27 

- 82» 

290 

211 

Femoral shunt 

19 

9 

-10 

119 

790 

Femoral shunt 

18 

18 

0 

440 

350 

Homologous Artery 
Femoral shunt 

43 

37 

- 6 

239 

327 

Femoral shunt 

175 

135 

- 4 

483 

298 

Woven Aj/on Tubing 
Aortic e e 6 

15 

20 

+ 5 

331 

390 

Aortic e e 5 5 

15 

20 

+ 5 

342 

370 


15 

15 

0 

71 

480 

Femoral shunt 5 

50 

50 

0 

807 

782 

Crimf>«l \ylon 

Aoito iliac shunt 

3n 

50 

0 

236 

582 

Aorto iliac shunt 5 
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25 
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0 
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0 

Femoral shunt 

30 

SO 

0 

188 

302 


so 

27 

- 3 

243 
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28 
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24 
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1? 

0 
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46 

56 
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12 

12 

0 
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Aorto iliac shunt 10 

74 

70 
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7 
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Elaslieized Dacron 
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13 
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416 

17j 

Aorto iliac shunt 9 

86 

48 

+ 12 

418 
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Aorto iliac shunt 9 

28 

28 

0 

3Cj 

0 

Aorto iliac shunt 10 

13 

13 

0 

1j8 

0 

Class Tube 

Abd aortic ce 8 

23 

30 
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Chapter III 


CLINICAL BACKGROUND OF ATIN 
GRAFTING 

A.LTHOLGI1 At'TOC£.NOL5\ein grafting Ind been performed success 
full) pnor to the pist decade modem technics ire constderibl) 
different and bs pass shunting has largeh replaced end to-end 
grifttug \\ hile rairl) eJ^penences indicated the feasibiht) of \etn 
grafts thes are not completel) pertinent to the modem problem 
of b) passmgaiherosclerouc peripheral occlusion 

The discoser) of the aniitoagulani hepinn led \furra) to use 
ihisclinicall) and in 1 9^0 he reponed successful autogenous \enous 
replacement of a popliteal aneurj-sm *-Tuo ind a half tvcehs later 
a smill aneur)sm which had deseloped in the wall of the enns 
planted cMemal jugular sein was repaired and there had been no 
further diflicult) at the tuo)car follow up ** In ID32, he reported 
that 4 \em gralishad beensatisfactonl) in place for o\er 1 1 jean" 
In 1951 kunlin reported 7 longterm successes of 17 long auto* 
genous \cin grafts placed as shunts for atherosclerotic femoral oc 
elusion Tim series included (» earh failures (with 2 patients dead 
and2anasiomotic leaks requiring ligation) and -1 later failures hut 
cleirl) deroonsiraieil the feasibiht) of end u>-sidc anastomoses be- 
tween long reicrsed \ein grafts and the femoral and jxipliteal arter 
les 

Shaw and \MieeIock ** in 1955 reported considcrabl) better 
initial success with homologous arteries (II of 13 patent) than 
with autogenous seins* (5of 13 patent) Shaw in 1958 discusted 
ihe longterm performance of short penpheral \ein rephccnicnts 
and reported that four )ear studies of 5 \ein grafts indicated that 
1 were still open while risc-)e'ir studies of 9 of the arierial lionio- 
grafts showed that onl) 1 was siill open On ihc other Inmi he had 
had poor success with long serious grafts Linton”* in 1055 com 
jjarct! Ins experience to that date with both autogenous and homo- 
logons seins and homologous ancries used as peripheral shiini 
•One ot ihoc *ra» an homolosrou* »ein ^li 

SI 
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grafts and stated that 61 % of the 13 autogenous veins had remained 
patent Despite numerous ad\antages enumerated by him, he 
recommended the vein grafts particularly for short replacement 
Julian '* and associates**®*® emphasized selection of patients 
and progression of disease and reported that early failure had fol 
lo^\ed m 40% of their 30\em grafts with 6 other late failures This 
senes consisted of homologous as uell as autogenous lein grafts 
and some patients had associated endarterectomy Kautzky and 
Brussatis reported 70% patency in 46 grafts after a year and 50% 
patency after 3 years, but Rob in the same year expressed dis 
satisfaction with autogenous vein grafts and indicated his prefer 
ence for homologous arterial grafts 

Lord and Stone in 1957 reported that 16 of 21 vein grafts had 
remained patent and particularly noted that 100% of 12 placed into 
a vascular tree whose periphery was widely patent (trauma, tumor, 
aneurysm or fistula) had remained open but that only 4 of 9 placed 
for atherosclerosis had continued to be patent However, they con 
iinued to beliete that venous grafts are inherently satisfactory for 
peripheral reconstruction and later stated that these had remained 
patent without aneurysmal dilatation for as long as 7 years in their 
experience Fontaine * m discussing Lord s senes stated that 2 of 
about 60 vein replacements for aneurysm failed whereas of those 
done for occlusive disease one third had failed early and another 
25% had failed hter He further reported 37% patency of 174 cases 
done for segmental sclerotic disease 3 to 9 years earlier and pointed 
out that the disease itself influenced the result In the same year, 
Deterling ® editorially expressed the \iew that while ‘results with 
synthetic replacements has still not been as good m peripheral 
arteries of patients suffering from arteriosclerotic occlusion as with 
homologous arterial or autogenous tenons grafts ‘ that the results 
with long venous replacements for segmental occlusion have been 
far inferior to those enjoyed with arterial homografts ’ 

The results of short venous autograftmg for lesions where the 
peripheral circulation was quite patent again proved to be good 
in the Korean 'War vascular experience as reported b) Hughes *- 
and Jahnke*® who found no evidence of aneurysm formation in 
short grafts which had been m place up to 5i^ years postoperatively 
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Tliese clinical experiences indicate some difference of opinion 
as to the merits of long autogenous sein grafts used to replace 
atherosclerotic occlusion )et increasing experience appears loliasc 
resulted tn a slo\s increase tn their populantj as confidence in homo- 
logons arterial grafts has uaned and is doubts of the long term rc 
suits of sjiuhetics has occurred \>Iuis and Harkins"^ in 19 j 7 
indicated preference for autogenous saphenous \ein plastic tube 
and arterial homograft m thii order Lmton in 1958 listed Ins 
order of preference for reconstructise siirgcrj of femonl occlusnc 
disease as (I) autogenous saphenous rein grafts (2) tlirombo- 
endartercctom) { I) combination of ihromboentbrterectom) and 
saphenous \tin grafts (4) arterial homograft and {a) s)nthciic 
prostheses 

A thoughtful sune) of 178 patients having various shunting 
ojierations uith several t)pcs of grafts was reported in 1^59 bj 
Hitchcock Johnson Bascom and Murphj ' from Minneapolis 
General Hospital Their best results b> passing the femoro-jKiph 
teal artery v\erc vMth autogenous veins (S4% patent)) but exien 
Sion of criteria for operabilu) ma) have been refleaed in the crim 
ped nylon series (->3% patency) Their comparative experience 
IS of value, since most rejvarts arc devoted to a single matenal 

Earlier fears that autogenous vein grafts would often form 
aneurysms have not proved justified Table summarizes clinical 
scries rejxjrted recently in v\hich only 2 aneurysms occurred So 
far as can be determined from the reports there v\as a success rate 
of approximately JG% of the 383 cases done for atherosclerotic in 
dicaiion but there was 81% patency for 127 done for non athero- 
sclerotic indications The follow up times w ere v ariable.The sun cy 
indicates the difference m outlook relative to the underly mg disease 
for w Inch the graft was placed It also emphasizes the need for care 
fill follow tijK of such patients to determine late as v\ell as carl) 
failure rates 


Personal Expcncnce 

The results of the iniiiaj 31 conseauive autogtiious vinous 
grafts to by pass aihcrosclerotic femoral occlusion arc summanzed 
m tiguTC 9 mollified from our recent report * Indicated follow up 
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times are to the last actual clinical examination and do not neces 
sanly show total postoperative time This series is consecutne and 
includes patients ith good as well as poor outlooks The prognosis 
as judged by the arteriogram is indicated in the fourth column 
where I indicates excellent vascular reconstitution with uniformly 
patent branches II indicates reconstitution with absence of a 
branch or branches of the popliteal artery or quite evident scallop 
ing and narroiving and III indicates absence of distal reconstitii 
tion Only one case fell into that category and it is included in the 
series because a graft was actually placed 

Failures 

Six of the vein grafts thrombosed in the immediate post 
operative period Aside from the one expected failure described 
above there was no uniform explanation for the other failures but 
It was thought that they represented leclinical operative errors 
Seven of the initnlly successful vein grafts failed being patent for 
at least 48 hours Two of these were associated with poorly drained 
wound infection going on to bleeding from a suture line and re 
quiring ligation of t!ie graft Another patient had a distil endar 
terectomy for a particularly severely diseased popliteal vessel and 
It IS thought that recurrence of thrombosis in that area resulted m 
failure of the graft The other two failures occurred at four months 
and ]2 i /2 months respectively The latter occurred in a graft which 
had remained patent above a mid cilf amputation and it is thought 
finally represented lack of distal blood flow 

The 18 grafts patent at last examination require no further 
comment but clearly require prolonged fonov\ up study 

Amputation 

Of particular importance is the relation of direct arterial surgery 
to loss of the extremity in the postoperative period Anal)sis of this 
clinical senes indicated that all of the six amputations had been 
impending prior to arterial grafting In two patients it was thought 
that the amputations were hastened somewhat by failure of direct 
arterial surgery but the other four had no particular change in their 
course altliough failure of the graft resulted in amputation some 
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NL 85 U XT 
WU 72 U 1 
RU 60 U I 
J5 85 U 1 

Hw se M r 

EF 61 u r 
WN 62 M r 
EEF 59 « I 
CF 76 U E 
CU 65 M X 
PC 58 F 1 
feB 58 F X 
WG 40 U £ 

RS 58 M Z 
EK 58 M Z 
CT 58 U 2 
MS SS U 2 
wa 54 M 2 
VP 65 M I 
RU 60 F S 
HC 77 U 2 
JK 56 U Z 
AB 77 U I 
«P 78 f 2 
6G 78 W 2 
NO 54 U Z 
FT 52 F : 

JU 65 U X 
UA €2 F 1 
TU 60 M 2 

O 3 6 9 IZ 

POSTOPERATIVE MONTHS 

Fig 'I Initial 31 cnnwrcutnc Icmoro-popliical »ein grafii for athcr«»»cIcroiic 
ociluiion Foil m up time h io Ja« atiiul examination “Infection” sIiOAt 
> ound infwiion 

time in t!ie postoperatnc period Studj of the o\cnill senes leitls 
\o the \icbci that ionn oi dixcn. anena\ docs noi cause 

grcit harard to the c\tremit> should it fail and results in great 
sahage in terms of function and tissue Mabiiit) when successful 
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Chapter IV 

PERIPHERAL VASCULAR INSUFFICIENCY 

TVetekiosclekosis is the most common cause of peripheral \as 
cular insufficiency i\hile peripheral arterial embolism, arterio 
\enous fistulas and aneurysms, tumors and trauma less commonly 
threaten the function or viability of the extremity In lesions such 
as atherosclerotic occlusion where complete removal is not manda 
tory, by pass shunt grafting had several advantages over resection 
ivith end to end replacement and this discussion is in general direc- 
ted toward this entity although much of it is also true of less com 
mon causes of vascular occlusion 

Pathophysiologic Concepts 

Understanding of function to date lags behind pathologic and 
anatomic studies The development of micioscopic methods of 
blood flow study ® and of clinical flow meters • promise new in- 
formation on mechanisms which are poorly understood at present 
and which seldom go beyond the belief that high degrees of \ ascular 
luminal obstruction occur before much actual decrease in blood 
flow results Explanation of this on the basis of Poiseuille’s law 
allows understanding of the importance of small changes m the 
lumen of the artery but is an o\er simplification of considerably 
more complicated rheologic principles ® 

Burton’s * ® concept of "critical closing pressure" and his demon- 
stration of the luminal closure of vessels prior to reduction of in- 
ternal pressure to zero has clinical implications in relation to de- 
\ elopment and maintenance of collateral circulation througli which 
low pressure flow occurs 

Full discussion of these concepts and others including the role 
of the several factors in peripheral vasomotor mechanisms are be- 
yond ilie scope of this and reference is made to more detailed 
physiologic studies 

Pathology 

The vascular ciianges occurring in arteriosclerosis are localized 
(although they are often widespread) and continued use of the 
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term “generalized” artenosclerosis is to be a\oided because of its 
connotation of equal inxoKement of arteries in all parts of the 
body. Actually there arc int-anably many arteries uhicli shou con- 
siderably less change than other localized areas do The segmental 
nature of the disease should be emphasized. 

The term arteriosclerosis” includes seseral types of degener- 
ative disease of the arteries uhich require brief definition. In par- 
ticvilar should be contrasted medial aUeriosclerosh (characterized 
by fibrosis, areas of necrosis, calcification and occasionally bone 
formation in the media of the artery) uith atheroscleroits of (he 
tniima (in v\ Inch there are lipid deposits beneath the endothelium) 
niuch tends to enlarge and frequently goes on to arterial throm- 
bosis either because of the evtenshe narrouing of the lumen or 
because of ulceration of one of the atJierosclerotic plaques Medial 
arteriosclerosis m rare cases may result in anerial occlusion but 
ordinarily does not of itself (although it may coc\ist trith intimal 
atherosclerosis) 

In particular, it sliotild be noted that the symptoms of peri- 
pheral vascular disease are due to arterial thrombosis complicating 
a form of arteriosclerosis and not to anerioscicrosts per sc. This 
artenal thrombosis may result in a clinical situation mimiching 
peripheral arterial embolism but more often is gradually noted as 
easy faiigabihty and claudication in tlie distal muscles sudi as the 
calf v»herc sufficient blood (low through collaterals allovxs relative- 
ly good extremity numiion at rest. 

Sues of predilection of atherosclerotic occlusion include the 
cerebral and the coronary arteries as well as the vessels of the lov\cr 
part of the Ixxly L'ppcr extremity' lesions arc most unusual. The 
difference between incidence in upper and lower extremities is 
clearly defined hut the liasic reason is jioorly understood. Studies 
of aiheromata with secondary iJiromliosis causing occlusion in- 
dicate that the most common sue is in the fcmoro-pfjplitcal 3rtcri.il 
tree originating at the jxnnt where the superficial femoral artery 
passes dow-n through nunicr'sc3n.nl in the adductor magnti* muscle 
to form the |x>p!itcal artery TIic next most common site of ather- 
osclerotic and ihromlKiiic occlusion ss in the disul aorta and tluc 
arterial system Lindlxirn's* artcriogiaphic studies of 295 legs of 




Fig 10 Progression of atheroscicrolic occlusion in ihe superRcial femora! 
artery I eft (he initial artenogram shows a double short block at the hiatus 
m the adductor magnus muscle with minimal scalloping and irregularity of the 
more proximal artery Right sliosvs considerable increase and scalloping and 
irregularity and further occlusions 9 months after the first arteriogram 

pinents ind cadax ers established the highest mcidence of occliisix e 
diseise at the addxicitrr magntis hraxvts wlh decieasing incidence in 
botli directions from tliat 

Maxor s ** senes of 149 consecwtixe cases of atheroma xv Jtli sec 
ondary thrombosis shoxxed that 85% xxere located m the femoral 
artery and that all except two of those originated at the adductor 
magntes hiatus Figure 10 (on the left) illustrates an early lesion 
and (on the right) its later dexelopment as shown by arterio 




MTOGENOIS \EI\ CR\FTS 

gnpli) Provimal superficial fcmonl anenal m\oI\cmcnt ^Mtliout 
distal insohemcnioccurretl onl) tuice in the Mi\or scries and \>as 
therefore distinctl) unusual He stressed the importance of the 
profunda fernons as a mam coHatera! since it rarely thromboses 
The reason for us immunity is unknoun I ouer legathemscltrosis 
commonly affects the posterior tibiaJ artery prior to and more 
severely thanothers * 

The reason for this localization is not clear although it has bttn 
suggested that there are mechanical anatomic reasons * Lindbom ’ 
stressed the frequency of mtmial hemorrhages m association uitli 
thrombosis at atherosclerotic areas 

The CMStence of thromboangiitis obliterans (or Buerger s dis 
ease) as a separate entity lias been recently questioned to a con 
sidcrable extent Prior to tbe post vnr interest and develop- 
ment of peripheral vascular surgery patients developing arterial 
insufficiency of the distal lower extremities were usually diagnosed 
as thromlioangiitis obliterans if they were relatively young and as 
aricrtosclerosis obliterans t( they were older That age alone is not 
a proper diagnosticcruenon is well recognized now with diagnoses 
ol presenile or jmenile forms of atherosclerosis and secondary 
thrombotic occlusion being recognized frequently The incidence 
of Buerger s disease has therefore declined since more patients are 
now being classified as some form of arteriosclerosis 

There is doubt that a patient with main vessel disease as well 
as arteriolar disease can justifiably be classified as thromboangiitis 
obliterans and increasing belief that cases of thromboangiitis ob- 
literans usually represent variants of arteriosclerosis Clinical c\ 
amplcs of arterial disease oiiiswlc the arteriosclerotic group (or 
other retognized groups) viliicli can be classified as Buerger s dis- 
ease arc unusual \rtcriograpbic o|K.raiive or autopsy cvidenttof 
aiherostlcrosis usually occurs with ume to refute the original dtag 
nosis 


Clinical Svtidronic 

The history of j>eriplieral vasailar insuFTicicncy usually centers 
on pain The comjiletc absence of jam raises doubt that much oc 
elusion has occurrevl ahliougli it is recognized that the occasional 
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patient ceases actuity upon a feeling of fatigue and that the true 
pain of muscular claudication is never reached 'Whether muscular 
claudication pain is primarily due to failure of clearance of metabo 
lites or to some other mechanism has never been completely re 
solved but from the practical viewpoint this symptom signifies 
failure of the blood supply to meet the needs of muscular activity 
Claudication upon exercise with a distal extremity which is proper 
ly nourished at rest strongly suggests main vessel femoro popliteal 
occlusion with collateral sufficient to meet the need until muscular 
exertion occurs Pam at rest usually signifies collateral which is 
insufficient either from failure of development or from secondary 
failure due to disease 

Not only is the type and seventy and provocation of pain of 
importance in arriving at a clinical diagnosis but also the mode 
of onset (which may indicate acute thrombosis or peripheral em 
holism contrasted to the usually slower onset of more gradual 
atherosclerotic thrombosis) and also the location by w Inch the lev el 
of occlusion may be judged Calf pain signifies distal superficial 
femoral arterial occlusion while anteno lateral lower leg pam 
suggests anterior tibial arterial occlusion and thigh and buttock 
pam suggest iliac and aortic occlusion respectively Coldness and 
color changes are historically less reliable in determining the lesion 
from the patients symptoms alone 

Physical examinatioti is initially directed toward palpation of 
the periplieral pulses not only in the aorta and femoral arteries but 
also in the popliteal dorsalis pedis and posterior tibial vessels 
Clinical gradation of these from 0 to 4-1- (for normal pulsations) 
stresses the importance of continually attempting to evaluate the 
normality or abnormality of each palpable pulse Care m proper 
evaluation is mandatoi^ since haste ma) lead to interpretation of 
the examiner s pulse as that of the patient or to ov erlooking a dimin 
ished pulsation completely Wliile an experienced examiner may 
approach the oscillometer in accuracy the latter offers a readily 
available means of assessing the distal pulsations m terms of units 
which may be easily recorded It is also useful when bandages or 
lesions make pulse palpation difficult or impossible 

Elevated exercise of the lower extremities by plantar flexion 
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and dorsiflcxion of the feel furnishes a simple stress test of the 
blood supply to the lorver eMremities. The eles^ated position should 
be maintained for seseral minutes and color and capillary return 
exammetl only at the end of that time. Actual w-alhing or w-alking 
in place may cause pulse obliteration to indicate oihen^isc un- 
suspected proximal arterial disease. 

Unless there be a marked temperature change, this is of little 
clinical significance but it may beofsomcsahieif siin thermometry 
IS used Xail changes and loss of hair, s’enous fralhology and the 
occasional and thnil should not be oserlooked. 

\’arious degrees of pregangrenous and gangrenous changes as 
uell as acute inflammatory' esidences are common findings and 
suggest failure of collateral as uell as main scssel circulation. 

Clinical tests of ualkiug to the point of claudication are often 
useful to corroborate historical symptoms although it is recognizctl 
that claudication distance ts a jxiorobjectise test. Skin temperature 
studies related to plethysmographtc blood llou estimations may be 
of interest although their importance to ordinary clinical manage- 
ment IS doubtful Other tests uith isotofjes, ergographs, and co/on’- 
meters are knoun but at the moment are not of great clinical iin- 
jxjrtancc 

The majority of cases of peripheral sascxilar insufficiency can 
be clinically appraised by a proper history and simple office exam- 
ination iMtli a fair degree of accuracy but require angiographic 
mapping to ascertain definitely the extent and Iciel of the lesion. 
This may also be of imponance in absolutely ruling against ra$cid.ir 
disease in the presence of symptoms of neurologic or orthojieihc 
lesions and is discussed in the follouing chapter. 

Illustrative Case 

A G2 ycar-ohl uhue female had a history of ii\o years incrciv 
ing calf claudication after one to ino blocks. Pulses were absent 
distal to the femorals bibirrally Ftraoral arteriogram shoucil 
a disial superftoal femoral block of the right sujjcrfirivl ftmonil 
aners sviili puenl disial vessels {Figure I la) 

.\n autogenous venous shunt graft v\-as placed bciuccn die 
common femoral and distal popliteal artery v»ilh immcdnie 



Fig II Prc and posiopenti»c anenograms (a) Short superficial femoral 
block wall diilil reconstitution (b) Patent autogenous \enous shunt graft 13 
months after operation The superfcial femoral artery lias gone on to complete 
thrombosis since the graft was placed 
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return of osallometric pulsations in the calf intl uith g<KKl 
distal pulses Her comalescencc was uncteniful nnil she re 
turned to tsork tvitliout SMnptoms 

FemonI arteriograph) was again perfomietl 6 months after 
opemiion and shotsed complete graft patenc) Tuehe and a 
halfmonthsafteroperation shetvasstillasjmptonlatic Vfemor 
al arteriogram (Figure 11b) shoued patenq of the \enoiis 
shunt graft 13 months after operation She continuetl to have 
tuo block claudication in the unoperated left leg 

Comment This represents a tjpical candidate for a shunt 
graft because of sjauptoms decreasing her ability to svork and 
an arienographic pattern indicating a goo<l distal mn-off cir 
dilation Tuo postoperatnc arteriograms base confirmed pa 
tency of the graft and she is as)mptomitic on that side The 
contralateral symptomatic e\ircmiiy should notv be rcpairctl 
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Chapter V 


ARTERIOGRAPHIC EXAMINATION 

iiiLt A PROBABLE clmical diagnosis an often be made on the 
basis of history and phpical e?^mination the use of readil) as'ail 
able \ raj technics allous Msualization of tlie peripheral arterial 
tree SMth accurate delineiuon not only of complete occlusion but 
also of lesser lesions in non-obstnicted portions of the arteries 
Knou ledge of the insohement of these not jet olistnicted anerial 
regions is often imporuint to the proper decision regarding T>oih 
short and long term therapv Thus it !>ecomes of evtreme impor 
tance to add to die clinial diagnosis information obtainctl bj suit 
able angiographic examination Such suitable examination has 
been expressed bj RogofF •* as a consenatne balance among the 
surgeons need for information about the patients scs^cls the 
radiologist s interest in good roentgenograms and the patient s right 
to comfortable survnal folloumganj diagnostic procedure along 
s\uh a consideration of cost and consenience factors 

Radiopaque Dies 

Manj radiopaque substances liasc been developed for clinical 
anenographv since the carl) use of sodium iodide was reported hv 
Brooks ♦ in 1021 and uitli rapid developments progressing in Uiis 
field It appears likclj that current preferences maj at anj time be 
oiiiniotled Hov^ever for illustrative purposes the use of Hjpaque 
uil! be discussed herein as the best and safest of currenih available 
rnatcnals 

Killcn I-ancc and Ouens * have slioucd the considerablv less 
danger associated wiiIi Hjpaque when injected either into renal 
arterj or lumbar ancries of dogs Clinical cxjicricncc to dale corro- 
borates this 

Aortograph) 

Increasing expcnencc uidi aoriograplij Ins le<l to the general 
conclusion that it is undiilj risk) unless tlicre are pressing neetls 
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for such examination and that peripheral arteriograms should be 
substituted wherever possible In the occasional case where ab 
dominal aortography is mandatory it may be performed through 
a left postero lateral approach utilizing either spinal or general 
anesthesia Spinal anesthesia is preferable because an endotracheal 
tube must be placed if general anesthetic technic is used (since the 
patient will be lying face down and an adequate airway must be 
assured) 

The needle is placed in the aorta distal to the renal vessels This 
slightly more difficult technic is safer than injection of dye proximal 
to the renal arteries Judicious use of test doses and interpretation 
of failure of entry of the needle as often indicating distal aortic 
thrombosis has allowed avoidance of injection of the more proximal 
aorta 

Following induction of proper anesthesia, a long (six inch) 17 
gauge needle is passed through the surgically prepared skin at a 
point about four finger breadths lateral to the mid line of the back 
and opposite the second lumbar vertebra The needle is directed 
at a 45® angle toivard the body of the vertebra until this is contacted 
and then withdrawn slightly prior to passing the needle point just 
in front of the body into the aorta The needle is slowly pushed in 
sMth Its stylet removed so that penetration of the aorta will allow 
blood to spurt from it Care should be taken tint jabbing or rapid 
motions are not used and that the passage is made slowly to prevent 
transfixion of the aorta and passage of the point out the far side 

After the needle has been properly placed within the aorta a 
plastic connecting tubing is used to attach a 30 cc syringe contain 
ing 50% Hypaque, and the radiologist makes any final adjustments 
w inch are needed A 5 cc lest dose of Hypaque is then injected and 
the needle vs ashed through with heparinized saline and the stylet 
replaced to allow development of the initial film which was exposed 
1> mg beneath the peU is and upper thighs Examination of the film 
made after the 5 cc test dose will often provide enough information 
so that a larger bolus of Hypaque can be asoided 

In the instance vvhere peripheral femoro popliteal visualization 
IS desired, a further dose is given (follow ing the 5 cc test dose w Inch 
senes to ascertain that the needle is properl> placed and that^e 
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IS not bem^ forced rapidU into renal vessels or the mesenteric tree) . 
\ftcr tins precaution lias been observed the actual bolus of "0 cc. 
of 50^ Hs-paque is injected as rapidb as possible and Uic hrsi ex 
poMire made on either a single Jong film or ruo shorter films as the 
lastScc Is injected 

Senaluaivon of films is nnportam since the iniiial films often 
fail toshou the distal run-off circulation “Thcchan^e to thesecond 
exposure films can be effected in an\ of several wzys but serial films 
should be made as rapidl) as possible Tlie needle should then be 
removed from tlie aorta because it is undesirable to inject further 
maierial into the aona should the films be a failure 

Femoral Arteriograms 

Since aortognms are ordmanU coniraindicaierl because of the 
hazards associated uith them, the radiologic exploration of the 
penpliera! vasailar tree ts ordinanh done b\ means of femonl 
angiograph) Timmav be perfonned smiplj using local anesihesn 
for percutaneous placement of a - 18 nectlle into the cotnnion 
fcmoralaner) (paintedata-la ansle from below upward) through 
which a bolus of 20 cc of 50% H^paque mas be rapidls injected 

Here again senahzaiion of films bs one of several tedmics is 
imjxjrtant to the final understanding of the vasailar pattern be 
cause carU films mas fail to show Uie slow passage of dvc ituo die 
distal nin-off circulation (Figi're 12 shows the lietterdnta! artena! 
outline in film 1 compared to film I) W ith the jiatient preparetl 
for a period of alxnu 15 'cconils of burning pain in ihe lower cx 
trenmv bv instruction as well as bv previous injection of Demerols, 
iliere IS ordiiiaril) little need to use a general anesthesia The pa 
ticni should l>e caviivonesl alwivt. live ocairrcncc of burning pain 
and insirucietl to press the heels sharjilv against the table to prev cut 
motion Following removal of the needle from the femoral arterv 
fmn pressure is made over this point for a minimum of 5 nunuics 
to prevent henutoma formation 

Following successful femoral arteriograpliv on one side the 
oihcTsidemav besimilail) studied inonlcriocvaluaie propetW the 
entire artena! tree of both legs pnor to forming a plan of overall 
therapy 




tig 12 Demonstration of impornnce of serialitation of artcriographic films 
film 1 on Ufl shows excellent detail of supcrfici-il femoral and popliteal arteries 
down to knee hut a later film on rif^hl is important in showing details of the 
patent distil arculitton 
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lllustraihe Case 

A 5G-\ear-oId male had bilateral calf claiuHcalfon v^orv on 
ilie Tight with al«ent pulies there but ssjih faint lelMldctl fwv 
tcrior tibial pulse. As figure 29 on |jagc lOJ slios^s both legs vere 
studied h^ artcnfjgrams prior to operation KnossJctlgc of the 
short occlusion of the less ssmptomatic left leg allovred it to be 
rqiaired (b^ endartcrcctom}) ai die same operation. 

Operatise AnerJogranis 

In the cseni tliat percitiancous femoral arterial puncture is im- 
possible or unsatisfactory, k is a rclatiscly simple procedure to 
expose the femoral artery by a short longitudinal femoral incision 
in order to place a -18 needle tsithin under direct \ision. or to 
place a small polyethylenecaiheier through a -13 netdle into the 
lumen of the scssel In the latter escni it may I>c necessary to place 
one sill suture at the point of puncture to stop bleeding after re- 
mosal of the needle 

Despite some statements that proximal arterial occlusions should 
Ijc made to present (he rapid fxissagc of dye distally, ft has not 
ordinanly been necessary cither to place a proximal tourniquet 
directly on the sessel or to make manual pressure, and the blood 
floss hasljccnallosscd tocarry thcdycdistally ssithout any proximal 
ofisirurtion 


Popliteal Arteriogrami 

Tlic distal Tun-ofl circulation may Ix: assessed by injection of 
radiofxtquc material directly into the jKipliteal artery at the time 
of its exjiosuTc through a loss thigh incision sshen cither cnslaner- 
ectomy ‘ or shunt grafting is contemplated. Ten cubic centi- 
metets of j0% Hyjiaque may then l>c injected cither sia a needle 
or small polyethylene catheter into the jxipliteal artery' (fizorc 
13) This allous a splendid anciiogram to Ijc made of the distal 
run-off circulation but giscs no information about the arterial tree 
Ix-tssecn common femoral (sshere it is surgically exposed if a graft 
IS to be placed) and the jxipliieal ex|»osurc. It is rccogni/cd that if 
a shunt graft is placed f>cts»ccn common fcrnonil and fxjpliical ar- 
tery tliat no exact knowledge of the inters eniug superficial femoral 



Fig. 13. Operative popliteal arteriogram using 10 cc. o! 50% Hypaque in- 
jected via polyethylene catheter through arterioiomy into the popliteal artery 
just prior to placement of a shunt graft. 
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H Hiljitnl ftmoral ancrioi^Tani* illustraiin" rclatiic-h »hnn {^pineal 
bi<Kk on «lie nslit and fon»idrr3bh longer superficial femora! block on iltc 
leli BilaieralJt (he dutal nrculalion » rrconsttturn! stdl and (he outlook for 
bs pass grafting sliould good 
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artery is really necessary It is howe\er believed profitable to be 
able to stud) the peripheral arculation at whatever length is neces 
sary prior to determining therapy and it is for this primary reason 
tliat arteriograms are ordinarily obtained prior to operation rather 
than at the time of operation If they are to be obtained prior to 
operation percutaneous femora! artenogyams therefore have con 
siderably more use than do operative popliteal arteriograms 

Interpretation of Arteriograms 
Each arteriogram must be studied in the light of clinical history 
and physical examination and other laboratory data In general 
peripheral arteriograms may be divided into three categories In 
Figure 14 is show nan illustration of a patient classed as an excellent 
candidate for shunt grafting from an artenograpluc standpoint 
There is excellent reconstitution of the popliteal artery and its 
distal branches are well filled Arteriograplncally tlie distal run 
off circulation does not appear to be greatly involved by athero 
sclerosis since there is no major scalloping or narrowing but it 
should be recognized that the operative findings always show more 
involvement than is recognized from x ray study 

The second category is illustrated by Figure 15 m which there 
IS dye apparent in the popliteal circulation but in which there is 
also irregularity and loss of one or more of the distal branches This 
group may be acceptable for shunt grafting provided there are 
strong clinical indications otherwise but may not have as good 
long tenn outlook as the first group because their atherosclerotic 
disease IS greater 

Patients without adequate distal circulation are classed as not 
acceptable for shunt grafting Figure 1C illustrates the (operative) 
arieriographic appearance of such an extremity vv here serial arterio- 
graphy has failed to denvoTVstravc atvy mavn xesael patency at the 
popliteal or more distal level Earlier hopes that actual operative 
exploration might demonstrate a patent vessel which failed to 
visualize by arteriography have not been borne out and surgical 
exploration in such instances has largely been abandoned as m 
general being productive of poor results and a high complication 
rue v\hich may be avoided by conservative non surgical measures 



Fig lo Prc and po»iopcraii>c arteriognins illustrating compfoiniscd distal 
rtconsinuiion o! arteries. (Le/l) \ long superficial femoral arterial occlusion 
viUi distal popliteal reconstitution but «iih occlusion of the distal srssels at 
the popliteal bifurcation (/figAt) latent autoj,cnous senous graft 51 da)i 
after operation ssith distal Hoh through collaterals \rter10gr3pI11c examin* 
aiion indicates a guanlcd prognosis after grafting but odier clinical consider 
aiions led to placement of the graft sshich has functioned stell during the ten 
month posiopeiatiscfolloss up to date 
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The chnical situation often determines the final recommenda 
non lor therapy e\ en more than the actual artenoqTaphic cximma 
tion and ma) cause a patient to be mot ed from one group to another 
or cause lentatn e adt ice to be changed Adequate x rat \ isuahza 
non of the tessels should howeter be available prior to defimme 
adv ice to the patient 


Hazards of Angiographt 

Thecliief hazards of angiographj are enumerated bneflj Iieloii 
In general it ma) be said that these are more to be feared foUouing 
aortographt than after femoral artenograph) Except once no 
complication more serious than extrava>ation and for hematoma 
formation in the femora) area lias octrurred in our hands Houeier, 
set era! of the complications mentioned belou hate been seen elsc- 
tvherc or reported elsewhere or hate been disciused uith others 
and must ceriainl) be guarded against 

1 Renal damage ma) follou direct dumping of higli con 
ccniraiions of h)|)ertonic lodinated compounds either from the 
aoTU directl) or b) needle into one or Ijoth renal ariencs “ Stohes 
and Butcher'-' $nne)ed 1298 reports of aonograph) from seten 
senes and found 0 8% morultt) to be chiefl) due to renal injtir) 
This mat result m cither temporar) " or irxet ersible renal damact 
There is evidence that this effect ma) be decreased considerab!) 
b) attention to h)draiion prior loaoriographic examination* The 
use of a test dose pnor to injection of the complete bolus of radio- 
paque material should alert the examiner to this fxitsibiht) before 
U happens 

2 Boael damage due to injection of the niaienal into the 
mesenteric vascular s)stem mat similarlt occur and sliould lie 
similarlt preventeti b) projjcr attention to the test dose pattern ** 

3 T'rrtimerje myelttts v»ith paraplegia has occasional!) oc 
curred Cranford Beall DcBaket and Mo)cr found 11 reponed 
cases in 19i7 of nliicli 12 died- Its incidence has probablj l>ccn 
oter-enijihasized b) its traged) None occurred in the 12'*S aono* 
graphics svmc)cd b) Stokes and Butcher Distal aortic uijcctifm 
and small doses are thought to minimize this risk The c\{k.ti 
mental incidente ol this has Izeen greatU decreasetl u ith the use of 
Htpaque rather than previous radiojiaque materials * 
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4 Inlravascular f/zrointaiwhasnot been widely recognized but 
appears to be a problem rvorthy ot consideration m the patient 
uhose distal aorta is partly or completel) occluded at the time of 
examination Injection of the irritant hypertonic radiopaque 
material above an occluded site and into an area of stagnant blood 
may result in a rapidly increasing thrombosis abm e the old throm 
bus previously and may result in propagation up to include impor 
tant proximal vessels such as the renal arteries In more than one 
instance inhere aorto illiac occlusion of the aorta has led to aortic 
resection for Leriche syndrome very fresh intraluminal thrombus 
lias no doubt been due to the aortogram performed a feu days prior 
to operation In one recent instance where only a 5 cc test dose of 
material was placed into the aorta a soft thrombus formed and 
remained proximal to the occluding clamp placed for distal endar 
terectomy Five hours after endarterectomy and resuture of the 
aorta, this soft attached thrombus dropped down into the aortic 
bifurcation as a saddle embolus and required secondary operation 
for its removal Thrombosis at the site of puncture may occur in a 
more distal vessel also and require operative removal or even an 
immediate by pass graft * 

5 Local damage to the aUertal uall of the femoral artery may 
occur if it IS improperly Iiandled For instance, one patient was seen 
follow mg an open arteriogram where bleeding liad led to temporary 
clamping of the femoral .artery with the necessity for resection and 
grafting because of damage by this clamp Wolfman and Boblitt 
have commented upon the changes of intra mural aortic injection, 
reporting four deaths in a group of 33 such (of a total of 302 aorto 
grams) 

6 A plaque may be dislodged at the point of entrance of the 
needle and carried peripherally to act as an embolus and result in 
an acute vascular occlusion Similarly, such a plaque may simply be 
elevated and cause occlusion of the femoral vessel as blood dissects 
behind it at the site of its elevation 

7 Hematoma may result locally from the point of puncture 
Ordinarily it is of no clinical importance, but an occasional death 
has occurred after aortic leak Operativ e exjxisure of the femoral 
artery following an arteriogram often shows thickening and a 
moderate degree of chronic inflammation of the adventitia of the 
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vessel as esuknee o{ the previous trauma and hemorrhage Some 
degree of retropcntoneal hemorrlnge is no doubt a constant rtcotn 
panimentof rortograpliy Incrch instance where the aorta has been 
explored within a short time after aortograpliy minor to moderatt 
degrees of retroperitoneal hemorrhage hate been found Tins 
bleeding and consequent dissection probabl) explains the back 
ache which a number of patients have following the injection 

8 Lxtiavasalxon of dye may follow passage of the needle com 
pletely through the vessel or occur by withdrawal of the needle 
from the lumen prior to complete injection Sev ere pain at the site 
of injection suggests this and the need for local anesthetic injection 
Skin sloughs are reported • but fortiinatelj are rare after such 
Immediate dilution with procaine is recommended for relief of 
pain 

9 Drug sensttwity Ins not been personally observed although 
It IS known® Premedication with barlmiiraie and avanlabilit) of 
stimulants is in order as well as routine testing with small skin doses 
of the drug prior to the final angiographic injection The occur 
rente of reactions despite negative skin tests should be recognized 

10 Peripheral Circulatory Collapse Shock sjaicope or vaso 
motor collapse may be rarelj encountered The only two sucli per 
sonally observed experiences occurred consecutively on the same 
day following extravasation of 50% Hypaque during an attempt 
at aortograph) and immediately thereafter in another patient dtir 
mg an attempt at femoral arteriography In each instance there was 
severe local pam and this was immediately followed hy nausea and 
faintness In the patient wliose femoral artery was extras asatctl 
there w as v ascular collapse w iih loss of consciousness and temporary 
cessation of cardiac beat which was restored by two sharp blows on 
the precordium Both of these patients had been previously tested 
for dye sensttvv vty and the reactions, were thought to he neurogenic 
in origin 

11 Miscellaneous Thoracic duct injury with necessity for 
thoracotomy to control chylothorax has occurred 
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Chapter VJ 


CHOICE OF GRAFT MATERIALS 

T HE CHOICE of a material for periplieral shunt grafting m ill neces 
san4 reflect the experience and background of the surgeon Ideall) 
one should hare at his command uhaterer material appears proper 
for tlie indiridual situation Table summarizes chnicallj im 
portant characteristics of currently arailable grafting materials 
(without attempting to differentiate between the ^^rlous sjnthe 
tics) 


TABLE Vlt 

or CHMwcnjumcs or Uim.!. M*Tr«iU5 ro* PDUPuatH. 

\ tscixAR Ck.trTi\c 


Aiailabiht) 

Technic 
Eailv pateno 
Latepatenc> 
Desenerauon 
\ »biht> 

Resisiance lo infeaion 
Graft bleeding 
Antigeniciti 
Pube transmission 
Reponed experience 
Indnidual experience 


Homologous 

Artery 

often difficult 

good 

decreases 


rare 

good 

manr recent 


Synthetic Autogenous 

Tube lein 

excellent good 

occasionallv difficult difficult 
good good 

good 

mac vaLen no 

no >n 

encourages good 


good 

few longer time 


Arailabilit) 

Syauhetic tubes of course, offer the most w idespread asanlabilii) 
and storage in saned sizes and sliapes and obiiouslj out-class both 
homologous arteries and autogenous seins in this respect Diffi 
culties in obtaining and maintaining supples of homologous arteries 
has limited tlieir use to large vascular centers Despite fears that 
autogenous veins would often not be available or suitable, such 
hat e ocxntrreii onlj ebree ttaies to date In one instance the patient 
was found to have a complefelj fibrosed vein and an homologous 
arterial transplant was used instead AnotJicr elderlj lady had an 
extremely small saphenous vein winch branched into two still 
smaller tributaries about six inches distal to the sapheno-femoral 
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junction Since this %ein uas considered non suitable because of 
inadequate size, a crimped teflon graft ivas used A third patient 
operated upon folloi\ing failure of a crimped dacron tube else 
\\ liere w as found to ha\ e a small fibtotic saphenous \ ein as a result 
of phlebitis (probably occurring at the tune of pres lous operation) 
Since It uas considered unsuitable, the shunt was successfully per 
formed i\itli a crimped teflon tube • In such instances, it may be 
possible to use the contralateral saphenous \ein 

The autogenous \ein of choice is the saphenous and so comes 
in only one sue for each indi\ idual Use of femoral v ein is con train 
dicated because of likelihood of deep venous thrombosis of the calf 
ivith subsequent difficulties The same was seen in the few animals 
in whom femoral veins were removed 

Ease of Surgical Teclinic 

In the experience of the author, an arterial homograft is the 
easiest material with which to shunt a peripheral vessel Some of the 
S} nthetic tubes are just as simple to manage during the anastomosis, 
particularly those wlucli are knit and do not ravel nor require heat 
sealing Difficulties w uh bleeding will probably be controlled soon, 
as more information is gained about the optimal porosity of syn* 
thctics Undoubtedly, the autogenous venous graft is the most 
difficult to place from the technical standpoint because of the del- 
icacy with which tins thin walled, floppy material must be man- 
aged Even after considerable experience has been acquired with 
homologous arteries and synthetic lubes, it is necessary to refine 
technic to permit successful autogenous venous anastomosis to be 
made Animal experience has been lielpful as a preliminary to 
clinical use 

Dissection incidental to removal of the vein for use as a graft 
necessitates somewhat more operative trauma to superficial tissues 
than do eitlier homologous arteries or plastic tubes 

Early Patency 

Higii percentages of immediate patency occur with autogenous 
veins, homologous arteries and svntlictic tube grafts Since other 
disadvantages rule strongly against further use of arterial homo 
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grafts, their patencv results are not discus^sed in detail here. Synthe- 
tic tubes hate been quite sucressful in terrns of immediate paienct. 
DeBakey, Crauford. Cooley and Morris < in 195S reported S6'r 
of 110 peripheral crimprf nylon grafts to be patent and S9% of 
137 crimped dacron tubes to be patent. Edirards and L>ons* re- 
ported 71% patency of 38 cnmped nylon and teflon (7 early and -5 
late failures) . Julian, Deterlmg. Dye, Bhonslar, Grote, Belio and 
Jatid'^ had only 7 failures in ol femoro-popliteal by-jjasses (fol- 
loued to 9 months) using Uieir micro<rimped dacron tubes- Simi- 
lar results hare occurred elsewhere. 

The early results with autogenous \eins hare also indicated a 
high patency e.\penence, once the more difficult technic lias been 
mastered Because of this, it seems likely that initial experiences 
wall not properly reflea later ones in most instances 

Late Patency 

It IS increasinglr recognued tliat the paienq* percentage of 
homologous arterial crafts has decreased tviiJi increasing time of 
follow up studies Figure 17 summarizes 37 consecuibe arterial 
homografts reported by DeWeese, Scott and the author.* Only 10 
of these were patent at last follow-up Tlie 12 grafts tvhlch became 
occluded after a minimum of 5 months patency sxcre generally as- 
cribed to progression of disease although this wus not proicn in 
most The oserall results are not enWable yet to a considerable 
extent reflect the exjienencc of others using homocrafts. ^\7iethcT 
the poor results are due pnmarily to progression of the primary 
atherosclerotic disease of the host \es‘<l or to degeneration of the 
homologous anerv is not completely clear aliliough the latter is 
inaeasingb reponed 

\anous analises of senes of homologous arterial grafts show 
complications peculiar to the material itself. Humphries. Haul, 
deWolfe and LeFeiTe ” in reporting 525 homografts for ly>ih 
lar"e and small lessel repbeeroent classified 10 deaths as due to 
technical bilure and noted 6 aneurysms in the 33 grafu examined 
miaoicopualb btci as ssell as one instance of disseaion. Foster, 
Lance and Scott * atinbuied only 2 complications to the lioinografi 
in 1 10 instances and found no aneurysms. Szilagvi in discussing 
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follows up sludies of 27(J homologous ^nernl grafts rejMjned tint 
there conimonl) was a stntctiira] change in femoral transplants 
after 2 >eirs and that after ? jears onij about I /3 of the grafts ap- 
peared iniati Uarnu EUis kirkhn and Fdmrds ' considered that 
10 deaths (of their 17 deaths in I6 j cases of Itomognfiingi s^ctc 
due to failure of the graft Hershey Trump Solomon \\r«j,Iit 
and Joseph ' rtjKirted 16 frecrcdrice! and 131 freeze inadialtd 
hoitiografis \Mih seaen complications probably due to graft process 
ing 

The 00 consecuitsc arterial homografts studied by DeWcese 
\\oods anel the author - showed an 8 0% failure rate directly at 
inbuiable to the material itself The eight complications were as 
follows 

Ancunsm tn graft S 

Rupture at sue of tied branch I 

FiuuU bettscen graft and U>i«el 2 

Infected graft leading to scyittccmta 1 
Priman graft thrombosis 1 

This w ith the ex|>criencc of others leads to the conclusion that there 
are difiicuhics iniicreni in homologous arterial transplants tsluch 
may be isoided using other materials 

The late results of ssntlietic tube grafting are poorly reported 
todate Eduardsand I yons “longest reported follow upof crimped 
nylon and teflon was 2 years 10 months DeBakes s group'* found 
that 1-1% of their patients leasing the hospiLal with patent grafts 
had later become occluded The late failure rate s-aried with the 
type graft and was 18% for homografts 21% for crimped nylon and 
G% for DeBakcy crimped dacron (the latter a newer material fol 
lowed less time) hile many studies of \-arious materials are re 
ported to show escellcni immediate patency rates there is a great 
need for a long term follow up of all tliese materials \\ hetlicr the 
large luminal diameter of airrently used synthetics and laige anas 
tomoses w ill o\ ercome the disadianiage of the considerably thicker 
neo-iniima deposited inside a syaiihetic tube and allow prolonged 
late patency is not fully understood at present Despite excellent 
early results repiorted by some there is some eiidence of poor later 
results 

Late patency studies of autogenous senous grafts indicate that 
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if sucli a graft rermins patent through the period of hospitalization, 
there is a great likelihood that it ts ill do so for a considerable period 
of time since it continues as a Mable tissue Table VI on page 36 
summarized available information on this point 

Degeneration 

Degeneration occurs in homologous arterial grafts as discussed 
above, and also in terms of atherosclerotic deposition of hpids 
under and in the neo mtima of synthetics Increasing evidence in 
dicates overall unsuitability of the homologous artery because of 
this The development of atherosclerotic plaques w itliin the pseudo 
intima lining s)nthetic tubes has been noted in animals follovved 
for long periods by DeBakey® The synthetic tube does not degen 
erate m the sense that tissue does, but it has been suggested that 
certain plastics lose tensile strength aftera period of time implanted 
in the tissues Nylon is reported to be particularly weak after a 
period of time ° 

Autogenous venous grafts persist as a viable tissue and have 
show n no tendency to undergo degeneration Fears that a liigh rate 
of aneurysm formation would occur are not justified This fear was 
based upon the occurrence of aneurysms m large v eins transplanted 
into the aortas of animals (particularly pigs) and did not arise 
from any particular instance of aneurysm formation in small pen 
pheral venous transplants Reference to Table VI on page 36 will 
indicate tliat only tv\o references to aneurysm formation in a chin 
cal peripheral venous replacement were found Prev lous confusion 
between homologous and heterologous venous transplants (winch 
do degenerate and form aneurysms) and with autogenous venous 
transplants wlucli remain viable and do not form aneurysms should 
cease There has been no reported instance of atherosclerotic plaque 
within an autogenous venous transplant 

Viability 

Syauhetic tubes arc, of course, non viable materials and cause 
a foreign body reaction even though with certain ones this may be 
minimal The homologous ancry also constitutes a foreign body 
and IS gradually infiUrated with fibrous tissue vslule its elements 
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slo^vlj degenerate the elastic fibers persisting for long periods of 
time before their final dissolution Since the homologous arterj 
actually functions onl) as a splmt and since certain synthetics have 
other advantages oi er arterial hornografts the latter are preferred 
Experimental as nell as clintcal etidence indicates longterm tia 
bilit) of autogenous teins 

Resistance to Infection 

Both homologous arteries and synthetic tubes are esseniiallj 
foreign bodies and as sucli tncitea reaction and encourage infection 
to some extent Infection is particularly likelj to result in arterial 
homogiafi blouout from proieolj'tic enzymatic necrosis of the 
ival! The same does not occur uiih a synthetic tube altliough the 
suture line ma) disrupt ’• Hamson “ studied the differences in 
dogs between Teflon and lioniografts placed into Uie aorta m ilie 
presence of infection and concluded the s>Tiihetic tube to be more 
desirable The reaction of the autogenous \ein (on the basts of 
clinical expenence) appean to be thrombosis rather than blouout. 
Furthermore since this is a viable tissue prompt and tliorough 
drainage of infected regions ma) permit patenc) of the autogenous 
\em to continue since infection ivill not necessanl) continue 

Craft Bleeding 

Neither the homologous arter) nor ihc autogenous \ein causes 
an) particular bleeding problem after the anastomoses arc made 
and clamprs remoied Small ieaLj at tiie suture line are ordinanl) 
easil) controlled isiih pressure from 3 to d minutes An occasional 
reinforcing suture ma) be necessary to stop a gap in the suture line 
from bleeding There has to date Iieen considerable \ariation in 
tlie amount of bleeding through symhciic tubes and tins appears 
to be related to porosity of the tube aind lack of quality control of 
this dunng manufacture 

Despite pre-clotiing measures occasional major difficult) lias 
occurred null continued bleeding through the graft in the hands 
of the author as nell as colleagues uiih the use of seieral t)pes of 
S)'nthetic tubes In a series of 32 synilietic tube replacements of tht 
canine thoracic aona (nhile circulation i\as maintained b) me 
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chanical pump from either left atnum or left subcla\ lan artery to 
distal aorta in dogs) theie was a high instance of continued bleed 
ing to final cardiac arrest or ventricular fibrillation despite prota 
mine resersal of heparinization used during pump shunting The 
grafts were pre clotted This bleeding phenomenon is not under 
stood and requires further investigation but may be similar to that 
which has been observed in a few human cases using synthetic 
grafts The possibility of some effect of the synthetic material upon 
the clotting mechanism (possibly by virtue of the electrical charge) 
has been considered and requires investigation 

Antigenicity 

Lord and Lazzarini have suggested that occasional immuno 
logic responses may occur after homografting and the author has 
had one late postoperative death (49th day of hemolytic anemia) 
after aortic homograft replacement which appeared due to tins 
Such are unknown after either vein or synthetic transplants 

Pulse and Flow Transmission 

Experimental studies cited in Chapter II indicate that there is 
little to choose between homologous arterial autogenous venous 
and synthetic tube grafts so far as proper transmission of pulse 
pressure and blood flow are concerned 

Accumulated Experience 

Accumulated experience witli homologous arteries is consider 
ably more because tliese v\ ere first used as grafting materials Their 
early promise has not been borne out and their present use is in 
general quite limited A large number of various syntlictic tubes 
have been placed m various centers to date Their early results are 
likewise excellent but late results not well reported \\ hile no large 
number of autogenous veins has been placed reports of these (sum 
manied in Table VI on page 36) date back a good many years and 
indicate that if early patency is obtained late patency is apt to 
follow Particularly in non atherosclerotic cases have the results of 
autogenous vein grafting been excellent when followed for long 
periods This appears to indicate that poor results in peripheral 
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occlusive disease ma) be priinanlj due to the disease process itself 
andnottotheiutogenousvcingraft On the other hand large ntim 
bers of long autogenous vein grafts have not )et been done and 
further stud> of these is necessary 

Individual Experience 

In Table this is indicated b) question marks under each 
t)pe graft because each surgeon s general as uell as vascular back 
ground is different It is to be lioped that the t^pe of direct surgical 
treatment will be fitted to the imhvidual case It js recognized that 
unless a particular material and the technic of its use w ill produce 
good results for numbers of surgeons that the method will not 
acquire widespread usefulness The histor) of certain unrelated 
operations bears this out in that a considerable time was necessar) 
for evaluation of the claims of the early enthusiastic proponents 
against the somewhat later doubters until sufficient numliers of 
surgeons had obtained proper background to evaluate results ac 
curatel) The same will doubtless be true not only of the various 
available operations for peripheral vascular instiiTiciency but also 
of the available materials for peripheral shunt grafting 

In summary it may be said that /lomofogotis arteries are not 
always available and constitute a dilBcult handling problem ns well 
as resulting in a fairly high proportion of late degeneration and 
graft failure The ready avidabilityofsj«//iet/c/«fies is their great 
est advantage but bleeding at operation and susceptibility to in 
fection constitute bad points ^Miile reported early results are 
good the later results are poorly understood and there is increasing 
CMdeuce of laie failures The moTe dvfhculv lechuvc of aiitogeHOiis 
vein grafts appears balanced by ilieir viability within host tissue 
and by their continued patency once m place 
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OPERATIVE TECHNIC 

The general operame management of an autogenous venous 
shunt graft is of course similar to that for plaang grafts of other 
materials into the peripheral arterial sjstem Cemin neccssarj 
modifications ate due to the inherent friability and trail thinness 
as Hell as the raises of leins 0\eni\\ attention to delicacy of technic 
both m remosal and placement of the graft appears of particular 
importance As Bemheim pointed out m 1913 the success of blootl 
lesselwork anastomoses repair of injuries etc depends almost 
entirely on the aioidance of blood clot ^ idely patent stomas at 
sues of anastomosis are also mandatory 

E\ery effort sliould be made to axoid pinching or otheniise 
traumatizing tiie \ascular trails It should be recognized that the 
tissue can usually be managed by pushing it gently in one direction 
or another uithouc the necessity actual!) to squeeze the tissue to 
pick It up During the course of anastomosing the lein to the artery 
uhen very fine suture bites are necessary it is uell to operate m a 
sitting position utth the forearms resting firmly on ilie operating 
table Self retaining retractors usually expose the tissues in a more 
constant fashion than do multiple hand held retractors although 
the latter are necessary in one or tuo positions (I) retracting the 
sastus medialis during popliteal amsiomosis and (2) retracting 
the inguinal ligament during common femoral anastomosis 

Position of the Patient 

The necessary position on the operating table is dependent up- 
on uliether the distal anastomosis can be perlormed proximal toihe 
knee joint or sshether it smU be necessary to split the calf muscle 
and join the graft to the distal popliteal artery or proximal part of 
the posterior iibial artery distal to the knee joint Anastomosis 
proximal to the knee joint can be satisfactorily performed through 
a medial lou thigh incision retracung the sartorius muscle inednlly 
and posteriorly Thus it is only necessary for the paucni to he 
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supine on his bick with the lower extremity externally rotated to 
allow sufficient exposure at both the femoral and popliteal areas 
(top of Figure 18) 

If It is likely that exposure below the knee joint w ill be necessary, 
the patient should be in a position whereby one can gain entry to 
the distal popliteal artery and proximal portion of the posterior 
tibial artery by splitting the calf muscles After trial with several 
positions, the most satisfactory one for a very distal anastomosis 
appears to be a moveable position whereby the patient initially 
lies on the involv ed side with both lower extremities surgically prc 
pared and draped For the femoral portion of the dissection, the 
contralateral uninvolved extremity is moved posteriorly so that 
the patient rolls partially backward and allows easy access to the 
femoral region For the distal popliteal exposure, the uninvolved 
contralateral extremity is moved forward and placed anterior to 
the involved lower extremity so that posterior access is gained to 




tor femoral shunt grafting Broken line shows nltcmate single long incision 
llotlom shows contrabiera! leg swung oser anicnor to opcraiue sule to allow 
posterior approach to popliteal space S incision gnes access to distal popliteal 
and posterior (ibul arteries 
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the popliteal space and caU amiH the patient rolled o\er into the 
sliglul) prone position (bottomof Figure IS) This allousa xcider 
exposure through a long S^hapcd incision across the popliteal space 
tlian does the media! calf incision ■*"* 

In iheeient tliatthereisan> doubt that the patient mat require 
anastomosis distal to the Xnec joint, the second moveable position 
sliould be used from the start since more flcMbilit) u jsermiued 
w uh this than if the patient simp!) lies supine on his back A simple 
supine position should be reserved for patients uiih arteriographic 
proof of good distal run-off’ arculation bearing in mind that 
the arterj is alwaj^ more diseased than indicated b) the \ raj 

Draping 

\n> convenient form of sterile draping maj be used whcrcbj 
easy access is gained to both the proximal femoral region and the 
distal popliteal region It should be borne in mind that frequentlj 
the proximal incision must be earned up across the inguinal region 
to penult recraaion or emung of the inguinal ligament in order 
that a proper common femoral or external iliac anastomosis can be 
performed 

The distal draping can be done in several wajs but the use of 
double orthopedic stockinette has several advantages First tins 
stockinette furnishes a smootlilj fitting casj applied draping for 
both lower extremities so that anj position maj be used Second 
a scissors opening can be made at anj point m the stockinette wuh 
ease Third if thestockinette isiiimed underand tliesmooth folded 
edge IS sutured to the skin margins under a moderate degree of 
tension the elastiaij of the stockinette helps considenblj in re 
trading the wound edges during Uie procedure The contralateral 
iminvolvedexiremiij should be similarlj draped in die event there 
IS a slightest possibilitv that it \%«U need to be swung over to allow 
a distal popliteal anastomosis to be made 

Incisions and Dissection 

Initiall) autogenous venous grafts were removed and placed 
through a femoral incision and a separate popliteal incision tunnel 
ingmbetween Afieranuraberhadbeendonethisw-av itappcartd 
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that the uncut skin oE the central portion oE the thigh often de 
\ eloped an undue amount of edema and induration postoperatn ely 
and tliat this uns due to difTiciiIt and \igorous retraction to permit 
the remoialoE the graft and tunneling Recently therefore a single 
long incision has at times been used (broken line in top o£ Figure 
1 8) This has the ad\ antage of permitting easy \ isuahzation of the 
entire length of the graft and accurate hemostasis both of the graft 
and of the tissues of the patient 

The incision is begun o\er the femoral region and the saphenous 
\em located as the first step in order to present inadvertent injury 
to tlie autogenous venous grift (Figure 19) As sooms the proximal 
portion of the saphenous vein has been located it is followed distal 
ly fora convenient length (of 4 to 5 inches) in order that the entire 
femoral skin incision may be opened up to permit dissection of the 
femoral arterial vessels before proceeding more distally 

Proximal Femoral Dissection 

\\ all the saphenous vein accurately located and protected from 
harm the proximal femoral arterial dissection is carried out and 
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Penrose drains passed about tlie common femoral deep femora! 
and superficial femora! arienes Sufficient disseaion is made to be 
certain that the anastomosis to tlie common femoral artery can be 
carried out later uithout the necessity for further dissection 

Remosal of \cm Graft 

FolJouing completion of proximal femora! arterial dissection 
attention is turned to the remos'al of the saphenous sein graft In 
cision IS continued distall) oser the course of die saphenous sein 
and all tissue anterior and medial to the \ein is cleared b) sharp 
dissection so that the surface of the sein is completelj exposed A 
Penrose dram is then passed about the \ein and it is clesated care 
full) as each iributar) is in turn ligated iMth fine silk on the \cin 
side and clamped on the tissue side prior to cutting the inbutarT 
Dissection proceeds distall} handling die \ein b) the encircling 
Penrose dram and never picking it up uith a pinchin„ or grasping 
insiTument Clamps are left on the tnbuiaries lemporanl) in order 
that the vein ma> be removed and irrigated as rapid!) as possible 
The vein dissection is earned distal to the knee jomt bv retracting 
the lower aspect of the incision to insure that a suificient lengtli be 
obtained for the vein graft la the lovter pan of the masion the 
saphenous vein is often bifid and one should look for dm large 
tnbutar) and follow tlie largest portion of the vein For the part to 
be used as the graft 

A marking suture of fine artenal silk is placed through the 
venous vail as proximall) and as distall) as possible prior to re 
mov mg the v ein in order to mark the longitudinal position of the 
vein and prevent later tvtisung v hen the graft is placed These 
suture ends are left long for easv identificaiion Clamps are then 
placed pToximally and distall) and the vein graft removed. Im 
mediatel) a small pol)eth)lene cannula is passed into the distal 
end of the vem graft and heparinized saline (oO mg Hepann per 
200 cc of saline) is used to irrigate die interior of the vein graft to 
remov e all blood and prev ent deposiuon of clot (Figure 20) Tlie 
vein graft is then dropped into d e heparinized saline basin Tics 
are placed on the tnbutar) clamf^ and accurate hemoitasii checketl 
throughout the V ound 
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Fi{, 20 Irrigation ot \em grtft Hcparini/ed saline is nushci! Irom distal to 
pToxi lal end ot e\ci<ed ^cm graft at once All tribiitarics hate been tied prior 
to final cxcis on Long sutures at ends orient long i\isot graft 


Distal Pophte'il Dissection 

Attention is non ttirned to the disnl dissection oE the popliteal 
artery The popliteal artery proximal to tlie knee joint is reached 
by retracting the sartorius muscle posteriorly and inednlly and 
elctating the \astus mednhs anicnorly (Figure 21) Ordinaril) 
the thickened arterial nail is palpable with ilie finger in the fat of 
the popliteal space Exireme care in its dissection will prevent in 
jur) to the popliteal s ein w hicli enn be not only the source oE bleed 
mg during the opention but also the cause of later tenons throin 
bosis The popliteal artery is handled by encircling it tvitli a Penrose 
tlrain as quickly as possible Efforts arc made to presort e all arteries 
leating tlie popliteal artery but occasionallj one geniculate artery 
t\ ill require sacrifice for proper exposure or for proper anastomosis 

The tendinous portion of the adductor magnus muscle through 
which the supcrfitial femoral artery courses to form the popliteal 
anery can be palpated by passing the finger up along the proximal 
reaches of the popliteal artery Tins should be elevated otcr an 
instrument and cut down to the femur to decompress widely the 
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hiatus m the adductor magnus It does not require resuture it 
completion of the operation since tins forms onl) a small portion of 
the entire insertion of the adductor ma^us muscle Frequent!) 
one or tuo bleeding points require ligation folloiving this dissec 


In the e\ent that more distal anastomosis pro\es necessary the 
patient is rolled into the partially prone position to allow entry 
through the middle of the calf (bottom of Figure IS) Incision 
across the popliteal space should be in the form of a lary S to ai oid 
contracture across this flexion crease The proviinal length of this 
incision IS placed on the medial aspect of the thigh and the distal 
end courses dowm the lateral aspect of the low er leg and bends back 
toward the mid line Small rounded skin and fat flaps are dissected 
oR the fascia and this opened oxer the gastrocnemius muscle beside 
the medial sural cutaneous nerve and the lesser saphenous v cm ly 
ing together in the tnid line The muscle belly is split m the mid 
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Fig 2! Popliteal d»wcuon Sanonus and vaitus mcdialis muscles arc separ 
aied to allow access to popliteal alters Ten cubic centimeters of hcparini/ed 
saline is being injeaeddistalls s la arienotoras prior to anastomosis. Tlie ilistal 
tendinous portion of the adductor magnus muscle has been cut awav from the 
femur andiMiactedbs stay suture 
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line to allow access to the distal popliteal artery and proximal poster 
lor tibnl artery In this instance also care is necessary to present 
injury to the accompanying \eins A definite search should be 
made for the laterally coursing anterior tibial artery ivhich comes 
off almost at a right angle Anastomosis proximal to this can be 
accomplished someuhat more easily than distal because the popli 
teal artery is larger than the posterior tibial artery but the latter 
anastomosis has been satisfactorily performed in several instances 
At times after a medial low thigh incision has been made it has 
been found that the popliteal artery is not sufTiciently patent in its 
upper reaches to allow anastomosis with a good chance of success 
In that event the patient should be rolled and incision made 
through the calf muscle to permit a lower anastomosis If the proxi 
mal popliteal artery has already been opened it is repaired by con 
tmuous over and over arterial suture 

Proof of Distal Vascular Patency 
The preoperativ e arteriogram should be compared to the opera 
live findings carefully to ascertain the optimal level for the distal 
anastomosis Temporary removal of the distal popliteal clamp 
should allow free back bleeding if the distal v essel is patent In addi 
tion a polyethylene cannula of proper size should be passed distally 
througli an artenotoiny (Figure 21) in order to ascertain that there 
is no block as well as to allow injection of heparinized saline (50 
mg per 200 cc) in 10 cc amounts every 30 minutes vvliile the 
vessel IS clamped This as well as minimal time of occlusion of the 
circulation serves to prevent small vessel thrombosis distally Usual 
ly only a single injection is needed Should the polyethylene can 
nula demonstrate a distal partial block the anastomosis should be 
made further down to avoid the distinct hazard of thrombosis when 
done proximal to such partial occlusion 

Handling ilic Graft 

1 he venous graft should be handled witli an encircling Penrose 
dram and not v\ith grasping or pmdiing forceps during its disscc 
lion Following its removal the ends of the graft may be bandied 
vvith steel instruments provided they arc later cut away Ordinarily 
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about 5 millimeters of each end of the graft is cut away to remo%e 
not only the marking suture placed to orient the graft but also to 
remote portions handled by the small tweezers during the early 
stages of anastomosis The tein graft should not be allowed to dry 
out while anastomosis is being performed, and one assistant should 
be detailed to keep this moist with heparinized saline 

Suture Material 

Fi\e-0 silk on small round needles is the maternl of dioice 
because of its strength and ease of handling Finer material (G-0 
silk) can be used but does not furnish a sufficiently large resen e of 
strength for ordinary use and is too likely to be broken inadierteni 
ly at the time of tying a knot It is not much finer tlnn 5 0 silk and 
does not appear to offer a xery great advantage in terms of size bur 
has the disadvantage of increased vicakness during tying Since the 
widely used mineral oil causes greasy fingers and slippage of in 
struments, it is preferable to lubncate lightly the suture material 
either w ith saline or by passing it through tlie patient s ow n adipose 
tissue 


Instruments 

Delicate iris tweezers arc used to handle the venous graft and 
the arterial wall in order that a minimum of pressure will l>e used 
Excessive pressure upon these tiny tweezers results in the two 
blades passing across each otlier and therefore losing hold upon 
the tissue A small pair of Metzenbaum scissors is useful for trim 
mmg adventitia off the artery and for trimming the ends of the 
\ein Angled Potts scissors are used to enlarge the knife opening 
in the artery Any of several forms of delicate needle Jiolders are 
useful for handling the suture material Several sizes of polyethy 
lent ivibvng shovvW be avavlable wot only to vise vo irrigate the m 
tenor of the graft but also so that a small piece can be used as an 
internal stent during portions of anastomosis If thrombectomy 
IS necessary anytime during die procedure these insure properly 
fitting sizes of tubing to passin either direction m the artery or in 
the vein Sues PE 205, 280, 330, 360 and 390 have proved useful 
(Figure 26 on page 96) 
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Viscular clamps ^sith teeth should be avoided since liter exiin 
ination of vessels held by these often shows intimal scarring Serre 
fine bulldog clamps are prefemble I iglitly cross hatched sern 
tions of their opposing jiw surfaces help hold the vessel securely 
There is no need to cov er the jaws w ith rubber is is commonly done 

Anastomoses 

The anastomotic opening should be large in relation to the 
lumen of the vessels to allow for inadvertent constriction as v%ell 
IS for liter scarring A ratio of 3 to I between stoma and arternl 
lumen is recommended It is not ordinarily necessary to cut away 
any portion of the arterial walls since the pressure of blood flowing 
tlirough will hold this open unless there is a great degree of stiffen 
mg of the artery due to atherosclerosis 

The vein is grasped at us originally proximal end as the poph 
teal anastomosis is begun (in order that tlie vein graft may be re 
versed and the valves lie in the proper direction) ^\hlle the ongi 
nally proximal end of the vein graft is held the scissors are used to 
split one side for a distance a little longer than needed to fit against 
the already opened artery (Figure 22) A mattress suture is now 
placed between the proximal end of the opening in the vein and ui 
the artery placing the tic on the arterial side and drawing this 
dow n snugly A similar mattress suture is placed at the other end of 
the anastomosis and just before tying this down the tip of the vein 
IS cut away along with the marking stay suture m the traumatized 
end of the vein (These two stay sutures insure that the relation of 
the length of the opening in the vein to that of tlie artery is proper ) 
The sides of the spatulate opening m the end of the vein are now 
trimmed aw ay w ith scissors 

Initially the mattress suture lying at the distal part of the 
jioplitcal anastomosis is carried as a continuous over and over sti 
ture proximally taking tiny bites and essentially joining tlie artery 
and vein edge to-edge without attempting to evert the tissue The 
mattress suture at the ends of the anastomosis help to evert sliglitly 
tlic venous and arterial walls so that very little siiiure matcri tl lies 
bare w ithin the lumen (P igure 23) 

When this suture line reaches the other stay suture the two 
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Fig 22 Anastomotu details, (a) Mattmt sutures betv>een sein graft and 
femoral anen (b) \ etn opened down one side and {c) upicutavas Insft 
shou $ consmoion produced b) incorrect sutunng 

are tied together The long end of Uie proximal sia> suture is nou 
used to place a continuous oterand-oter line distallf and is iietl 
to the other staj suture ^Miile tlie suture is being placed to the 
proximal portion of the anastomosis it is helpful to place die largest 
size polyethylene tube t^iiich uill fit into tliesein to insure that no 
constriction occurs there by i irtue of suturing (inset of Figure 22) 
This IS remosed before completion of tlie second side of ilie ams 
tomosis (Figure 23) 

The \ein is now drawn out full length and onenied h\ means 
of the other stay suture to insure that tw isting does not occur Ic fs 
pulled within a small Penrose drain and held tliere with a suture 
or tie while the dram is tunneled (through the enlarged opening 
in the adductor magnus muscle) under the muscle up to the femoral 
re<T.on The Penrose dram is pulled through leading the s em along 
with this and the dram removed from the end of the\em 

After tile common femoral ancry is opened and the originally 
distal end of ilie saphenous \em split to match this, mattress sutures 





Fig “’S Half completed inajioH o5iJ o( %em to fcmonl artcr) vict ed from 
iniimal aspect Poljetliylcne stem Iicsabout an inch svithin tern graft to insure 
igainst constriction by suturing It is rcmosed just before completion of the 
suture line 

are placed to start the anastomosis and tlien earned as continuous 
oser and over sutures to complete tlie femoral anastomosis 

Distal clamps are remosed initially followed at once by the pro\i 
mal clamps and dry sponges held oser the anastomoses for *1 to 5 
minutes to allow bleeding through needle holes to cease Occasion 
all) patch sutures w ill be ncccssar) to control bleeding but great 
care should be taken that these do not constrict the lumen of the 
\ein Most such anastomoses will be asaicr tight and onl) an occa 
curt siicdt a ill t/c ricccsstrj 

In an occasional instance strinds of ads entiiia may compromise 
the lumen of the \ ein graft eiilier at the stoma or somew here in its 
course and it should be carefully inspected for iliest prior to closure 

Drains 

Doubled quarter inch Pcimne drams should be led out from 
both the ftnioral and popliteal regions lo insure that if bleeding 
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occurs into die wound, it rvill not form a clot and tamponade the 
graft and result in thrombosis and also to warn the surgeon should 
bleeding occur For this reason, only a light dressing is placed and 
the nurse is instructed to notify the responsible physician should 
any undue amount of drainage appear through this light dressing 

Dressing 

Light dressings are used and encircling constriction is avoided 
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Chapter VIII 


PRr- AND POSTOPHRATIVE CARH 

PREOPERATnx \fANAGEMENT 

P RioR. TO OPERATION patients require the same general care ts for 
an) major operation Besides the usual measures designed to screen 
the important functional s)stems of the bod) such as the heart 
lungs alimentar) canal Iiverand kidne)^ certain other points are 
uorthy of brief discussion 

\\ hile It IS often possible to make arteriograms at the time of 
operatise exposure for definitive surgery (rather than in the pre 
operative period) it is desirable to have these vrays available for 
consideration and discussion well ahead of operation rather tlian 
to make a relatively rapid decision on the basis of an opcntive 
arteriogram with the patient anesthetized m the operating room 
In the occasional patient with high superficial femoral occlusion 
It ma) be difficult or impossible to place the needle into the femoral 
artery to obtain this information pnor to operation In such in 
sunces it is usually preferable to expose the popliteal arterv at 
operation for the primaiy purpose of performing an artenogram 
and at once follow this with direct arterial surgery if the distal 
V essels arc suitable Also if there ts a doubt regarding the suitability 
of the distal nin-off circulation after preoperative artenograms have 
been done graft placement should be preceeded b) a direct opera 
tis e popliteal artenogram to ascertain that such surgery is actually 
wortliwhile 

One of the advantages of autogenous venous shunt grafting is 
the relative bloodlessness (as compared to porous synthetic tubes) 
of the procedure so that blood transfusions are not required while 
the patient is anesthetized H prcoperativ e study indicates anemia 
and the need for transfusion it is safer for the patient to have this 
preoperatisely m a conscious state rather than later under anes- 
thesia because of easier and more certain recognition of transfusion 
reactions Because adequate blood flow through the graft is impor 
tant to continued maintenance of patency through the early healing 
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period, any defect in blootl \olume should be replaced prioi to 
surgery 

Because of the common association of atherosclerotic occlusion 
of the femoral popliteal system nitli similar lesions elsewhere, it 
IS important to obtain not only a careful history of ilie cardiac 
situation, but also an electrocardiogram, not only to detect possible 
early changes but also toserreas a baseline m the e\cnt that some 
ciiange in the clinical condition during operation or m the post- 
operatue period makes necessary an electrocardiogram to deter- 
mine whether or not an acute cardiac episode has occurred rurther- 
more, certain patients with particularly sesere coronary arterial 
disease are probably better left w iih peripheral arterial iiisuniciency 
resulting in calf claudication to act as a brake upon their activity 
and to prevent exercise harmful to tlie heart 

The presence of tissue necrosis of the distal portion of the lower 
extremity is no contraindication to graft placement In the occasion- 
al patient with toe gangrene indicating that some fonn of amputa 
tion w ill be necessary, the vvound can be expected to heal consider- 
ably better if an increased blood supply be directed to iJie foot 
^Vhile there m<ay be doubt that pre ampmation sympatliectomy 
mnucnccs healing of the amputation wound, it is apparent tint 
major portions of some extremities have been saved by the return 
of blood flow V la a graft followed by relatively minor distal amputa- 
tion Judicious use of antibiotics and protection of dry gangrene 
from moisture (or opening up areas of moist gangrene vMth de- 
bridement) may be imjionant adjuvant measures prior to and 
during the immediate postoperative jicriod after shunt graft sur- 
gery 

Postoperative Care 

Most of the principles of jxisioperativ e management following 
placement of a pcripfieraf sfiiint do not differ from those follow uig 
any major opemiion or anesthesia Attention is therefore chielly 
directed toward jiariicular features which may require some vari- 
ation from standard management. 

Relief of Pain 

Despite the considerable deep di'^seciion often necessary during 
the placement of a peripheral graft, the v%ounds often arc not very 
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painful because the} are nell splinted b} the underlnng femur 
and often do not cross fle-vion creases Reasonable amounts of 
medication mil usuall} suffice to control po»toperati\ e pain One 
of tlie cliief adt'antages of the me of continuous epidural anesthesia 
for the operation is the atailability of pain control b} furtlier in 
jeaion of aliquots of anestheuc solution into die epidural space 
at intervals dunng the postopetatue period These injections dur 
mg the first 48 postopeiatiie hours not onlj control pain but also 
result in block of i'a5o<onstricior fibers conciirrentl} Tlie small 
mds\elling pol}eth}lene catheter can be easil} removed from the 
back at the end of that period 

Ambulation 

Relamel) earl) nalkirg is encouraged follomngi'asailargmft 
mg of all sorts If the graft crosses a Qc-vion crease either at die 
popliteal region or the femoral region the patient is requested not 
to flex the cxtremit) to an acute angle be}ond 90® and a fen pa 
dents thought to be generall} uncooperattieare placed into a brace 
extending from the shoe up across the knee nitb a locking deuce 
at die knee to present flexion bevond 90® or base a posienor leg 
splint placed This is unnecessary for most indmduals Sitting is 
discouraged to prei eni pressure of the edge of a chair or bed on the 
distal graft or anastomosis and also because it tends to increase an) 
edema nhich ma) develop dtstall) os discussed ?>elou 

Dressings 

A soft Penrose dmn is led out oC each, wound taking care to 
suture this to the skin edges so that it projects into the depths of 
the ivound but does not touch the artery or the anastomosis Tins 
is placed to allow read) escape of serum or blood wlucli may ac 
cumulate and thus present tamponade of the gralt- It may also 
serve to ivam the attendants should partial disruption of the anas 
tomouc suture line occur and require repair Tliese drains are re 
moved at the end of 36 to 48 hours The mattress sutures placed on 
either side through the skin edges then auiomaticallv pull the skin 
lo^eiher and result m complete sealing of live wound 

Skin sutures of the lower extremitj arc left in somewliat longer 
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than elsetvhere Since suture material causes a foreign body reaction. 
It IS often appropriate to remove about half the sutures .at 5 to 7 
da)s following operation and leave the remainder until the wound 
IS better healed at 10 to 14 postoperative days Below the knee where 
healing is apt to be particularly slow, #40 stainless steel wire is pre 
ferred to either silk or cotton skin suture material because it results 
in considerably less inflammatory reaction in the skin .and may 
therefore be left in place for a longer period 

Light dressings are placed immediately after operation and each 
time the wound is dressed in such a v\ay that the extremity is not 
encircled by either bandage materials or adhesive tape to prevent 
constriction should edema occur Should the graft cross the popli 
teal flexion crease and extend into the calf, a posterior hamstring 
splint may be padded and applied to the posterior aspect of the 
extremity to prevent knee flexion during the early postoperative 
period This is attached to the cxiremuy by adliesive strips which 
do not completely encircle it Although a bit awkward the patient 
is able to get out of bed and vvalk fairly vvell with such a splint m 
place for .approximately 10 days 

Grom wounds are particularly prone to maceration because of 
sweating and overlying occlusive dressings, and in tiie event that 
this begins to occur there should be no hesitation m completely re 
mov mg the dressings m that area for exposure to air to allow dry ing 
of the area 


Antibiotics 

Because of the extensive area ready access of bacteria to the 
blood stream and great imiwrcancc of prevention of infection, a 
broad spectrum antibiotic is adininisieretl for the first 5 to 7 fiosi 
opcrativ e days (One hundred milligrams tetracycline intramuscul 
arlj is gnen immediately after o|Jcration and three times daily tin 
111 the patient is ready to tolerate 500 imlligrams by mouth four 
limes daily ) 

Blmxl Loss 

Because of the sonictimcs inadvertent loss of more blfMjd than 
IS recognized at operation some check should be made on the fol 
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loKing da), usuall) in the form of a hematocrit determination. 
Since h)po\oJenjia is thought to predispose to a decreased blood 
flow and likelihood o! thrombosis, a posioperatise transfusion is 
gi\en should it be indicated. 

Pulse Checks 

Immediately folIot\ing operation, a chan (Figure 25) is begun 
to indicate uhat peripheral pulses are palpable and ivhat the oscillo- 
meter shon-5 Each hour, a responsible attendant (uho may be a 
nurse, house officer, or surgeon) should examine the dorsalb pedis 
and posterior tibial pulses and record their presence or alwence 
along mth the o<cillometnc reading and initial the chan. So long 
as the pulses remain stead) or become increased in amplitude, tliis 
routine is continued. Should cither pulse disappear or the oscillo- 
meinc reading greatl) decrease, it is mandator) that a responsible 
attendant be immediate!) notified to make a decision as to uhether 
the graft has thrombosed and requires immediate e-vploiation. In 
tuo instances to date, it has been possible to clean out sucli early 
thrombosis and sahage patenc) of the graft b) immediate!) return' 

Po<t«cpgfCtlve false Oaeck 
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fit 25 Cfian to jho'* poMoperainc pulse cliccts following shunt grafiing 
to einphasue attention to function of the graft during the ioimetliate posi- 
operaus e penod 
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mg the patient to the operating room (or exploration and throm 
bectomy Such thrombosis becomes firmly attached to the \ascuhr 
t\all uithm a relatn ely short time and immediate action is essential 
(as in arterial embolectomy) Pulse checks are therefore continued 
day and night for 3 to 5 postoperatue days 

Illustratne Case 

A 65 year-old ^\hite male with intermittent claudication in 
the right leg had no pulse distal to the femoral artery There 
was a palpable left popliteal pulse Right femoral arteriogram 
showed a superficial femoral block with good distal reconstitu 
lion An autogenous senous shunt graft was placed from tlie 
common femoral to the popliteal artery This functioned well 
for a brief period and then was suddenly found to be completely 
thrombosed A senotomy was therefore made 5 cm distal to the 
proximal anaiomosts and a properh fiitetl jiolycihylcnt tube 
passed through tlie \cin graft tn both directions This remosed 
soft thrombus The tube was remosetl and the opening in the 
seinsuturcduithcontinuousSOsilk Postojicratnely thereuas 
excellent pulsation 

Comment Immediate rccognuion of and treatment to tlie 
acute thrombosis allowed complete rcmotal of clot and ultimaic 
excellent results in the graft Figure 26 shows the doubly pack 
aged 30 in polyethylene tubes* kept (gas) sicnlued in constant 
readiness for such use 

Postoperaiisc Arteriograms 

Posioperatise arteriograjiliic examination at proper inters als 
IS important as a check upon the condition of the extremity anti the 
graft and to enable proper instructions to tlic patient In general 
an attempt is made to perfonn the first postoperative arteriogram 
as soon as complete healing of all wounds has occurred but only 
if It IS possible to place the artcriographic needle proximal to the 
anastomosis of vein to artery This initial arteriogram should 
establish graft patency and also serves to Vvarn of constriction or 
twisting at any jxniu Foilowing this it is desirable to obtain a 
postoperaiiv c arteriogram at yearly intcrv als or sooner if svanptoins 

•Obtainable from lie Kluta Co S9ih \»c N Nail »il!e Tcnn 
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Fig ‘’6 Thirl) inch long sterile poljethjlene tubing for use as endo-artcria! 
suction cannula This is conta ned within a double pol)etli)lene-ccllophane 
container and has been gas sterilized so that it is ready for use immediatel} Five 
sizes are asailable 





PRE AND POSTOPERATIVE C\RE 


indjcate such need in order to advise the patient properly during 
tlie hter postoperative period 

Illustrative Case 

A 77 )evr-old white mile had a history of left calf claudica 
tion limiting v\alking to a block for about four montlis VMtli 
increase for the last 5 or 6 weeks Priscoline had been without 
effect There v\as a palpable |>opliteal artery and dorsalis pedis 
artery on the right but no pulses distal to the femoral on the 
left A left femoral arteriogram {Figure 27a) showed a 7 cm 
block at the distal superficial femoral artery with good popliteal 
reconstitution but with block at the bifurcation so that the only 
direct blood flow vsas by the anterior (ibial which also shovsed 
some scalloping as e\ idenceof atherosclerosis 

An autogenous v enous shunt graft was placetl from the super 
ficial femoral artery just distal to the common femoral arterial 
bifurcation to the popliteal and the dorsalis pcdis pulse became 
palpable the same day On the 12th postoperative day the left 
femoral arteriogram sliowetl a vsidely patent vein gr ift (Figure 
27b) 

Postopemtivcly claudication v\a$complcte]y relieved Swell 
ing of the ankle and fool was controllet! by elastic bandaging 
Five months postoperatively the patient was complaining of 
very slight claudication in the lateral aspect of the lower leg and 
upon e\aminauon the dorsalis jxrtlis pulse had disappeared and 
the oscillomctnc index in the calf had decreased from 3 to J/J 
The graft pulsation was paljiable in the popliteal space Six 
months after opention a left femoral arteriogram (Figure 27c) 
shov\cd the graft to be widely patent There h ul been pro 
grcssion of disease which had occluded the distal portion of the 
popliteal artery and completely blockctl off the anterior iibial 
artery Circulation to the distal part of the lower extremity vsais 
now earned b) tartuetts cnUatertls bdo^* the knee 

Commettl The vein graft v\as still patent but progression of 
the basic atherosclerotic disease was clearly indicateil bv the 
arteriogram 

'Miscellaneous 

1 he patient is given a steadily increasing diet as tolerated is 
encouraged to breathe deeply cough and turn every tvso hours day 



Fig 27 Progression of und«l)ing atlierosclerosis despite successful shunt 
grafting (a) Relatisel^ short atherosclerotic ocdusion at adducius magnus 
hiatus w ith proMmal scalloping and iiregulantr. and distal similar changes and 
complete absence of posterior iibial artery at lot»er arron (b) The patent 
autogenous tenons shunt graft 11 dajs after operation (c) The patent shunt 
graft SIX months after operation svith occlusion of the distal popliteal artery at 
the arrots indicating progression of disease since the ' b’ arteriogram Thist»as 
associated w iih anterolateral lot* er leg claudication as the anienor iibial artery 
became occluded. 



PRE- AND POSTOPERATIVE CARE 


99 


and night for tlie first 72 hours and thereafter as indicated and 
othenvise receives management consistent with his general situ- 
ation. 



Chapter IX. 

COMPLICATIONS 

BLEEDING 

While IT IS possible tint eKcessive bleeding along tlie drams left 
in place in the rounds is due loan untied vessel in the uoimd iLself 
attention should be immediately directed touard the possibdity 
that the bleeding is arterial in origin from the anastomotic site or 
(as occurred in one case) from a point m the graft itself Early re 
exploration is therefore in order This may shou that because of 
clotting Avithin the ivound some degree of tamponade has occurred 
and resulted m graft thrombosis Such is managed as discussed be 
low at the same time that die bleetbng point is controlled Post 
giaft bleeding should not be managed conservatively Immediate 
intervention is indicated to control hemorrhage and salvage the 
graft 

It IS difficult to lay doun hard and fast rules regarding methods 
for cleaning out the graft In general if a satisfactory suture line 
has been made at the original anastomosis it is probably better to 
lease this alone and to explore and remove clot eitlier through an 
opening in the artery or the vein by passage of polyethylene cathe 
lers through the anastomosis Both methods ha\ e been successful in 
our experience A series of graded sires of polyethylene catheters ^0 
in long (Figure 26 on page 96) are maintained (gas sterilized in 
double bags) at all times so that the properly fitting one can be 
passed either through an artenotomy or a venotomy to remove 
thrombus either in a graft or after embolectomy Such a poljetliy 
lene catheter is slowly advanced while suction is maintained on a 
30 cc orSOcc syringe attached to the other end Progressively larger 
or smaller sizes are used as the tube is passed either proxiraally or 
distally as indicated A pulsatile flow of blood should be obtained 
proximally and a free non pulsatile Row obtained distally before 
one is satisfied that tiie v essel has been properly cleaned Experience 
using this method has to date been better tlian imgaiing via tii» 
posterior tibial artery exposed at the ankle * alihougli that has 
been used occasionally 
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Sometimes, secondary or tertiary thrombosis recurs after a 
graft has been cleaned out In this e\ent, general heparinization may 
permit the graft to remain open where it could not be salvaged 
without this • Experience in this series and m other vascular siir 
gery where systemic heparin was used at the time of operation has 
been bad in that even though this was administered initially after 
the lapse of some hours, there has been bleeding into the w ound and 
sometimes this has resulted in skin flap necrosis and/or infection * 
Heparinization of a patient with the extensive wounds used for 
this form of grafting is to be av oided except as a last resort measure 
In the ev ent that it appears mandatory, proper drainage i$ suggested 

Progression of Disease 

Since grafting is a palliative operation for a slowly progressive 
lesion, It may be expected that further changes will occur after 
operation Shunting from the common femoral completely down 
to the popliteal artery is designed to by pass that portion of the 
superficial femoral artery which is most frerpiently the site of throm 
bosis once atherosclerotic lesions begin and has a considerably 
better outlook that did short by passing grafts winch often become 
occluded because of immediate disease progression An example of 
distal progression of disease beyond a patent graft is seen m Figure 
27 on page 98 

An example of the fairly common immethate progression of the 
thrombosis that often occurs in the superficial femoral artery after 
the placement of a shunt graft is seen in Figure 28 which shows the 
preoperative arteriogram as well as a repetitive study 22 days after 
operation There is little doubt that shunting led to further throm 
hosts of the distal superficial fcmoml artery That is not unexpected 
nor IS it dangerous so long as tJie graft remains {xatent Should the 
graft fail however, the distal cxlrcraity may be seriously com- 
promized since the excellent blood flow througli tiic graft removes 
ilie stimulus to collateral formation Proponents of ihrombocndar- 
terectomy believe that failure of a llirombociulartcrcctomucd ar 

*AI(hotigli II i\-as oTifpnalU hoped that regional hcparfnmticin would pioic 
nluabte in thit situation it hat been shown that siidi Is lempoiar) ami procmls 
rather quickh to a gcnerah/eil hepaiinifaiKm* and Ihe laiter is ihfiehite used 




Fig 28 Progression of ihrombosis ot femoral arrerN after grafting (a) Com 
plete occlusion at arrow as well as proumal popliteal anerr with proxinial 
scalloping and tnegulantv {b) Patent autogenous rcnous graft 22 days after 
operation with complete occlusion of most of the distal portion of the super 
bcial femoral arters 
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tery is less likely to be acute and therefore less ipt to result in 
ampuntion directly due to failure of the opention Analysis of 
experience tvitli amputations necessary in the immediate post graft 
period has indicated that no extremity has been lost to date primari 
ly because of failure of the shunt graft" although in two instances 
the threatened loss was hastened 

Venous Thrombosis 

Edema of tlie distal lower extremity following peripheral graft 
ing is an occasional occurrence This does not ordinarily progress 
to a painful calf or positiae Horn m s sign (unless tlie calf muscles 
ha\e been split for a distal anastomosis which produces calf tender 
ness) For a time it seemed possible that the edema might be due 
to the increased flow of blood into an arterial and capillary system 
winch had long been unaccustomed to such One case ruled against 
that hypothesis 

Illustrative Case 

A 5C)ear*old male who had bilateral cilf claudication had 
a long femoral block on the right and a \ciy short one on the 
left (Figure 29 on page 101) 

An auiogcnous venous shunt graft v»as placetl on the right 
without difTicult) Directl) thereafter a left open thrombo 
endarterectomy was done All pulses vsere at once apparent 
Peihl and inkle edema occurred in tlic carl) {losiopcritivc 
period on the riglit side (where vein grafting had been clone) 
but not on the left An clastic stocking v\as used to control tins 
Commeut More operatise trauma to the vein undoubtedly 
occurred at shunt grafting on the right than at sliort ihromljo- 
endirtercctom) on the left and resulted in \(.nous thrombosis 
Lxccllcnt return of circulation to lx}th feet s\ith bounding 
pulses rultd against change in arterial /low as the cause of imi 
lateral edema since it had been grtatlj increased bilaterally 

Quite recently Dr JamersA De^\cese Ins shown detjj venous 
tiirombosis by phlchogram (on the fourth thy after a dacron shunt 
graft) astht.causeofcdcmainoiic|«ticnt (Figure *10) andilsctms 
likely tint this is the true cause of |>edal edema after grafting 
W ylie * re|)ortetla *50 < incidcnct of jiopliieal vein tlirotnlKisis after 



Fig 29 Bilstera] femora) arteriography led to by pass grafting for the long 
superficial femoral anenal block shown on tbe left and thromboendaiterec- 
toiO) immediaiel) thereafter for the short but symptomatic block shoy»-ii bj the 
arroyy on the r^t (left leg). 
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popliteal arterial exploration whether or not direct surgcr) was 
performed 

Management to date has consisted only of e!e\ ition and applica 
tion of external pressure svTappings because of fear of aiuicoagul 
ants in the early postoperative period No instance of pulmonary 
embolism has occurred 


Infection 

Although an autogenous venous graft appears to he more re 
sistant to infection tJnn does either a Jiomologoiis arterial graft or 
a synthetic tube some of tlie failures occurring in tins senes were 
associated with infection in one form or another The methods of 
prevention of wound infection arc loo well known to warrant 
detailed repetition here although u sliould be pointed out that 
the technic of tissue management is just as important as is attention 
to skin preparation in draping Any evidence of infection is an m 
dication for immediate investigation of the vvound to determine 
whether or not this has actually occurred The best chance for 
continued patency of the graft if infection has occurred appears to 
he loide opening of the noimd for drainage since the viable auto 
genous venous graft is likely to remain patent even in the face of 
infection if proper drainage and granulations are permitted Con 
senative management is therefore to be avoided as endangering 
patency of the graft 


Illustrative Case 

A ()5)car-old wliite male had a right autogenous venous 
shunt graft from the common femoral to the popliteal aricr) be 
cause of Tight calf claudicalion v\ ilh absence of distal pulses and 
artcriographic demonstration of occlusion from the femoral 
bifurcation to the hiatus iii the adductor magnus muscle vvith 
good distal rcconstitulion Posiopcrauvtl), pulses immetlnlclj 
returnetl 

A lensc hematoma dcvelo|Kd in the femoral wound whicli 
rcrjuircd removal of sutures on the Ilh jjosioperaiiv c da\ \fier 
removal of the hcmaiomi In opening live v\ound widcl> in 
fcciJon occumal and v»3$ ircaicd bj vvami saline compresses 
The proximal jsortion of the vein graft coultl Iw seen and 
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Fig 30 PlJebogram four da^s after penphera! shunt graft sia foot tein iJIu 
strating extensive thrombosis of deep leins of calf as tsell as popLieal and 
superficial femoral seins. Arrows show ihin dse outlines outside large 
intrtisenous thrombi (Phlebogram counes) Dr James A DeWecse.) 
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palpated as a pulsatile tube l)tn^in the floor of the uound This 
gnduall) granulatedwithout difficult) andsi':s\eeks postopcra 
tuely was healed The distal pulses remained good 

Comment The functioning scin graft was clearly caident 
in the base of this femoral wound and despite contamination 
and secondary infection occurring after the hematoma was re 
mosed, the wound granulated well and there was no interfcr 
ence w i th the function of the graft 

Neuritis 

The anatomic proximity of the saplienous nene to the distal 
superficial femoral artery where it is dissected for the distal anas 
tomosis in the popliteal region may result in trauma to the nerae 
by stretching with a subsequent peripheral saphenous neuritis 
This ts manifest by burning pain down the anterior medial aspect 
of the lower extremity below the knee and is of a type similar to tliat 
occurring in the tJiigh following lumber spnpatJicctomy It may 
be expected to subside spontaneously although it is troublesome 
during the weeks while it persists Medication relief has been the 
only recourse to date for (his complication w Inch m a few instances 
IS ratiier sesere 
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Chapter X 


RELATION TO OTHER OPERATIONS 

Since siilvt grafting for pcnplicral ailierosclerouc muscular oc- 
clusion IS not alu-a^-s the onlj nor optimal therap) , some discussion 
of Its relation to other as-ailable procedures is ssarranted Non 
operatise measures are omitted from this consideration As in 
numerous other conditions it is not <o much the operatis e therapy 
Itself sshich IS difficult tocsaluateas it is the proper indications for 
the particular surgical procedure which are difficult to understand 
Furthermore, accumulating experience and interpretation of that 
expenence sanes and dogmatic statements are quite likelj to be 
incorrect and todaj s opuroaJ iherapj" roar become lomorrou 's ob- 
solete management The choice of procedures ts further rendered 
difficult by saned kinds of interpretations of expenence, b) the 
usual lack of simultaneous expenence with more than one method 
and limitation of follow up to short periods With these dangers 
in mind some obsertations will be made 

Laj^e Vessel Grafts 

Tlie surger> of aortic and iliac arterial lesions presents a some 
what different problem from peripheral replacement because of the 
difference in size of the lumens of the \essels Large vessels ha\e 
been satisbctonl) repfaced b) a large \anet} of s)-nthetic materials, 
both expenmentall) and clinicall) Although accumulating cxperi 
ence with aortic homografting indicates that increasing numbers 
of such grafts d^eneiate with formaiion of aneurysms or rupture as 
time goes on, the same has not to date occurred w ith the cotmnonI> 
used synthetic matenals Furthermore, the large lumen of sucii 
replacements allows for the thick neo-iiuima to be tolerated and 
continued patency has prosen the rule Such straight (or bifiir 
cated) syntlietic tubes are therefore the material of clioice for re 
placement of die aono-ihac arterial system 

In a few cases it is necessary to carry die distal extremity of the 
graft below Poupart s ligament either to the common femoral artery 
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m the thigh or e\en down as fir as the popliteal arter), usinll) be 
cause oE atherosclerotic disease m the femonl arter) associated u ith 
aorto line occlusion higher^ In such in event, the ordinarily used 
synthetic tubes are made with siifTicicntly long limbs to reach to 
the popliteal artery and this should be joined by an end to-side 
anastomosis to that vessel without any thought of placing a vein 
graft in this distal position While it appears that vein grafts may 
in general be the best material forperipJieral use, it should be dear 
ly recognized that several of the currently avoidable synthetic tubes 
have excellent early postoperative patency results and that a syn 
tlictic tube IS undoubtedly the material of choice for a graft which 
starts from one of the great vessels within tlie abdomen 

Thromlioemlariercciomy 

Tliromboendarterectomy, which implies the removal of (usual 
ly organized) thrombus along with the atherosclerotic thickened 
Ultima, IS a useful procedure under proper conditions and does not 
deserve the low regard to which it has fallen in some spheres Short 
occlusions in large vessels such as the aorta or iliac arteries are 
common indications for direct open thromhoendarterectomy The 
same may be easily performed for a short block in the distal super* 
ficial femoral artery * ” 

llhistmtivc Case 

A 5(5 year-old vdute male complained of bilateral calf claudi 
cation Udatcral arteriograms sliovseil a long sujjerncial femoral 
block on the nglu and a short block of the superficial femoral 
artery at the adducius hiatus on the left (figure 29) 

An autogenous \enousshuni graft was placed from common 
femoral to popliteal artery v\itlioiit dilTicuIiy in the right leg 
Ikcamc this procedure had gone smoothly, the graft was pul 
s iting strongly and the ptlienl s general condition was gootl, a 
left poplitcil endarttrccttimv vs as then perfonned All piihcs 
were quite apparent on the first |>ostopcralivt day Tv\c!\c 
months after operation he hid rtlurnenl to full time v\ork, v\as 
completely asymptoni utc ami h id excellent pulses at all jxnnts 
Comment Mihough hilaicral ojicration m general is fxr- 
heved to be unduly risky for fear that Ixith legs nuy develop 
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simultaneous complications ^\hich ^'ill endanger the manage 
meni oI either, in this particular instance the shunt sein graft 
Iiad proceeded smoothlj and was caiTsing blood e'ctremeK well 
into a quae patent distal artenal arculauon and so the simul 
taneous endarterectoms was performed contralatemllj 
The deselopment of netser internal stripping instruments 
^^hlch restore the arterial lumen without diminishing caliber hate 
m some hands resulted in fairlj good senes of peripheral long 
ihromboendarterectomies Cannon, Barker and Kawakami "* in 
1958 reported 45 thromboendartereciomies where distal patenc} 
was present with 66% fair to excellent improvement up to 63 
months jxistoperatnel) Their long term results penpherall) were 
admittedly poorer than in large vessel operations and the author 
believes that such peripheral endarterectomies have a limited use 
fulness whereas more proximal ones in aorta and ihac artcnes arc 
more likely of success 

IIIustraUTc Case 

A 51 year-old white male had bilateral calf claudjcauon 
worse on the left There were no pulses distal to either femoral 
arten Artenograms (Figure 31a) showed a short occlusion of 
the superhaal femoral artery on the left at the adductor hiatus 
which was treated by direct tbromboenderectomy He 
v\'as discharged on the I2th postoperative da\ v»ith e\celleni 
pulses and with a patent arterv bv artenogmphj (Figure 3Ib) 

He v\-a$ asymptomatic for four months at vshich time there ""as 
return of claudication in the left leg This gradually increased 
and 8 months after the onpnal operauon, re-examinauon 
showed complete absence of pulses on the previously operated 
side vsitli only ^ unit of osallauon at the low tliigh and only 
] /4 in die calf Percutaneous fcmoial arteriogram v\*as unsuc 
cesslul An operatn c popliteal aricnogiam show etl an excellent 
disul nin-ofl (Figure 13 on page 57) and an arteriotomv in the 
common femoral artery showed a gooil blood flow from the 
proximal end A venous shunt graft was placed from common 
femoral to distal popliteal ajtery with development of gootl 
pulses immediately thereafter 

Comment This thrombocndattereciomy of the distal super 
fiaal femoral artery was successful for eight months but then 




Fig St (left) SIioTt btockai '«tIductortnagnm]iiatut % ithgrxKl rccnnuiiiiii >n 
of jK»j littal aricr) (/fig/it) 1 atent tupcrfioil (cniorat arten on if c ffili i»o« 
o|>enli\c itij tnlloviing open ihromboendmiTetu m% Ijicr rrcunencc of 
ihrt tnlKnii necnutaied »lium grafting 
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e\entunlK failed because of progression of allicrosclcrouc dts 
ease and suggests that a \enous shunt graft should hive been 
done originally The secondaiy opcntion tsas ainsiderably 
more difficult technically 

The combination of proximal tliromboendartcrectomy mth 
peripheral \ein grafting appem to be logical is uell as relatnely 
safe procedure Isecause the ftow of blood tends to flatten the cut 
ends of the thickened intima uhereas if the same is earned out dis 
tally the blood Hou tends to tunnel in bcliincl the cut ends and 
push the iniima into the himcn and cause occlusion Proximal 
endarterectomy is therefore more acceptable ssitli shunt grafting 
than is distil endarterectomy 

It the popliteal artery is narroued by atherosclerotic deposits to 
the place uhere a distal endarterectomy appears mindatory it is 
often possible to obtain a better point for anastomosis by cxplonng 
the more distal popliteal anery or the posterior iihial artery by 
splitting the cilf muscles If a distal tliromboendarterectomy is to 
be performed at all the cut ends of the intmn should l>e carefully 
sutured with mattress sutures to the outer layer of the \essel in an 
attempt to present tunnclmg ssith luminal occlusion Hepanniza 
uon should be strongly considered follou mg such distal endaricrec 
tomy bearing in mind the uound complications uhicli are prone 
to follow immediate postoperame use of this dnig Finally techni 
cal fadure of tliromboendarterectomy should be recognized in the 
operating room and at times lead to immediate change to i grafting 
procedure 

In certain instances of acute thrombosis or embolism with distal 
thrombosis it may be impossible to restore blood flow to the distal 
portion of the extremity because of time lag with adherence of 
portions of the clot to the wall of the artery or because of inability 
to clear the distal portions of the sascular tree of thrombus In such 
an e\ ent shunt grafting is to be considered radier than permitting 
the extremity to remain aaitely insuHicient of blood w iili the liojie 
that collateral will deselop m time to present amputation Tlie 
distal run off circulation should in such an esent be exaluated by 
operatu e arteriography prior to placing the by pass graft If throm 
bus remains in the distal popliteal tree it may be possible to remove 
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more of tins by endo arterial cannulac and suction by a popliteal 
arterial approacli 

Lumbar Sympatlicciomy 

The place of sympatliectomy in the management of peripheral 
vascular disease has been deflated for a long time v\ ithout definite 
conclusions being reached in all regards Theis studied luinlnr 
sympatliectomy performed on 100 patients ("an of vvliom liad ar 
tonal obstructions somewhere between the aorta and the foot) and 
concluded that 75% of those operated on have definite relief from 
intermittent claudication” On the other hand, Mavor® studied 
51 patients witli peripheral atherosclerotic occlusion (proved by 
arteriography) and concluded that the so called beneficial effect 
of sympathectomy on mtemnitcni claudication has remained hai>- 
hazard and entirely unpredictable is subjective and not related 
to the nature of the operation ” 

There is increasing c\ idence that the result of lumbar sympaihc 
tic ablation is primarily an increase m skin blood How rather than 
in muscle blood flow so that whilccIaiubraiJon may not particularly 
be relieved, pro gangrenous skin changes may be reverted " " and 
subjective improvement be noted Frank skin necrosis, of course, 
IS not effected by sympathectomy 

There is no particular reason to debate .a choice Iietween shunt 
grafting and sympathectomy if the former can be done properly be 
cause It IS obviously more important to deliver a stream of blood 
undei pressure than to relieve pcnplicral vasospasm There is an 
increasing tendency toward concomitant sympathectomy to atid to 
the benefit of grafting DcBakcy and associates® advocate distal 
sympathccioiuy at ifie time of direct surgery for aorto iliac stenosis 
if the distal arterial tree is involved and Cannon, Barker an<l Kn* 
vvakami- emphasize its need either prior to or at tlic time of 
peripheral ihrombocndartcrcctomy. DeTak.als* recommends him* 
bar sympathtetomy preceding or accompanying all direct arterial 
surgery AVheiher such vmB eventually prove useful is unknovMi 
Only an occasional concomitant sympathectomy has been done by 
the author 

IlovNCver, if grafting is not feasible, sympathectomy may be 
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done lE there appeirs to be %asospasm uluch can be released by 
nen e block or by reflex healing or if it appeirs that the patrent is 
in danger of losing the extremity itli gangrene 

Realization tliai the clinical syndrome of Buerger s disease is 
often simply a presenile or early form of atherosclerosis his indica 
ted that sympathectomy may be \a1uable for such early forms of 
atherosclerosis 


AmputiCions 

It his been clearly shoun that miny amputated extremities 
became gangrenous because of Failure of the distal superficial 
femoral or popliteal artery ivitli patent distal \essels so that a grift 
could lia\e been placed This indicates that serious consideration 
should be given to attenograpluc evaluation of the distal circul 
ation prior to amputation Surprisingly patent distal circulation 
may be found by artenogriphy of amputated extremities* in die 
face of apparently severe peripheral vascular insufficiency particti 
larly if the femoral or popliteal artery has become suddenly oc 
eluded by thrombosis (or embolism; Roberts and Hoffman 
were able to do peripheral grafts in 30% of 4D patients presenting 
vvidv conditions prompting amputation of the leg Martin* has 
advocated grafting to any patent popliteal artery m a leg threatened 
by gangrene ignoring the artenognphic pattern 

Salvage of extremities by proper evaluation of llie distal run 
off and of the possibility of grafting prior to (or to prevent) am 
piitation IS clearly needed An arteriogram or popliteal arterial ex 
ploration is advocated prior to any amputation to learn v>hether 
It can be avoided 
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further development of direct 

ARTERIAL SURGERY 


T iiestbfam of in penplicnldirtrciaricrnl (iir'.crv uliicli 

in tfic p3<t decide Ins been a landslide of nesv deselopmcnts af>' 
pears afjout lo enter i quieter |)criod of csalintion \s short term 
rcportsofimniedntco|xrnti\cresuItsj'i\cua) to Ion;; term follos% 
up studies of pro;;rcssinn of disease as utll as results of ojKratise 
procedures the projjcr indications for carious forms of direct ancr 
lal surfer) ssil! Iiecnmc inamfest Restraint of oscr enihimasm for 
certain poKcdurcs s\ill utidoubtedlv isccur The salvage of func 
lion and of tissue must lie accomplished uitli reasonable risl cost 
pun and prognosis 

Stn<c the underlsing disease process continues despite tlic palli 
ation of sartous direct arterial procciliires u is tt> l>c hopcil that 
non surgical thcrap) for prophslxxis antl/or treatment of athcro- 
sclerosis s'lU des clop and male surgical management needless. The 
importance tjf cfTons in this dircciion can hardl) In, o\cr*emp!n 
sized in sies' of the present tncidcnccof ancriosclerosis as a cause 
of death and disabilu) Tlic deselopmcnt of methods to allou 
transplants of comp!c\ tisstics I>cti\ctn indiMduals or esen be 
tuecn species is an intriguing field "Wlicn curTcnil) insoluble 
problems are iinderstwxl such replacement of worn parts of ilie 
human machine will open ness fields for progress 

At the same time that dramatic ness fields arc studied un 
ansssered questions in old ones must be reineml>tr«I Despite 
ssidespread use of lumbar s^anpatlicctoms its role lias nescr been 
completely es-aluatcd and tlierc conitnues to be debate betsscen 
\-arious authorities as to its s-altie Dcselopmeiit of ness methods 
of studs such as the floss meter and the polarograph gue some 
promise of elucidating mechanisms insolsed in syanpathecioms 
as ssell as m direct arterial surgery 

\arious mechanical suturing desices base been reported from 
time to lime It is at liie moment doubtful that cs en the most com 
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phcntcd of tiiesc (such the one reported from Russn) can ap 
proach the delicacy of technic of an indi\idinl surgeon exercising 
judgment and exjierience m regard to the particular teclinical 
problem under considention 

Whether autogenous venous grafts will prove the material of 
choice for long peripheral shunts uill in the final analysis be de 
tcnnincd by long term studies of them as well as of other materials 
and of the underlying disease process The importance of such fol 
low up studies place a considerable responsibility on each in 
dividual surgeon performing direct arterial surgery to supervise 
carefully the long term as well as short term jxistopcrative course 
and thus to aid in the final determination of the place of direct 
arterial surgery in the management of peripheral atherosclerosis 
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